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This  report  presents  an  account  of  the  details  of  the  test 
program,  including  a discussion  of  procedural  details  and  methods 
of  data  reduction.  A summary  and  an  analysis  of  the  test  results 
are  included  together  with  tabular  listings  of  the  numerical 
results.  Conclusions  derived  from  the  test  results  are  itemized. 

Test  operation  were  performed  under  the  direction  of  George 
A.  Tapia  Ignaty  Gusakov,  Manager  of  the  TIRF  Center  was  the 
overall  program  manager,  and  Leonard  Bogdan  was  the  project 
engineer.  The  author  wishes  to  thank  Stephen  R.  Bobo,  the  Trans- 
portation Systems  Center  Contract  Technical  Monitor,  for  his 
assistance . 
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CALSPAN  TIRE  RESEARCH  FACILITY  (TIRF) 


viii 


1.  PROGRAM  OBJECTIVES 


The  purpose  of  this  test  program  was  to  measure  the  energy  loss  for 
each  of  twelve  passenger  car  tires  selected  to  be  representative  of  current 
original  equipment.  Each  tire  was  operated  on  a flat-surface  roadway  under 
straight,  free-rolling  conditions  and  also  under  driving/braking  traction 
conditions.  The  traction  tests  were  of  two  types.  One  type  involved  the  use 
of  a synthesized  wheel-torque  schedule,  based  on  the  velocity  profile  of  the 
LA-4  Urban  Driving  Cycle,  computed  for  a vehicle  with  a weight  equal  to  twice 
the  applied  normal  force  on  the  tire.  Tne  second  type  test  was  similar  in  all 
respects  except  that  the  velocity  profile  of  the  Highway  Fuel  Economy  Test 
Cycle  was  used  in  calculating  the  wheel-torque  schedule. 
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2.  TEST  PROGRAM 


A concise  tabular  sununary  o£  the  entire  test  program  that  was  con- 
ducted on  this  project  is  presented  in  Table  1.  Each  test  is  identified 
by  a TIRE  run  number  which  consists  of  three  groups  of  digits.  The  first 
group  designates  the  serial  run  number,  the  second  group  the  test  series  and 
the  third  group  the  sponsoring  organization.  TIRE  tire  numbers  are  structured 
similarly  except  that  the  first  group  of  digits  designates  the  serial  tire 
number.  Table  1 lists  the  nominal  values  of  the  test  parameters  and  contains 
a set  of  explanatory  footnotes. 

The  first  twelve  tests  were  steady-state  tests  with  the  tire  free 
rolling  at  a constant  load  and  a velocity  of  50  mph.  Normal  loads  equal  to 
80%  of  the  T&RA  rated  load  at  an  inflation  pressure  of  24  psi  were  used  for 
all  tests.  Inflation  pressures  were  capped  and  permitted  to  rise  during  the 
course  of  the  test,  A test  duration  of  30  minutes  was  employed  for  these 
steady-state  tests  since  experience  has  shown  this  time  period  is  sufficiently 
long  to  permit  stabilization  of  the  tire  rolling  resistance  force. 

The  final  twenty-four  tests  were  devoted  to  the  traction  tests, 
twelve  were  for  the  LA-4  cycle  and  twelve  for  the  HEET  cycle.  The  former  was 
1370  seconds  in  duration  while  the  latter  was  763  seconds.  Details  of  the 
methodology  used  in  determining  the  velocity-torque  schedule  for  each  cycle 
are  given  in  Section  3 while  Appendix  A contains  a summary  of  the  numerical 
data. 


A listing  of  the  tires  tested  is  shown  in  Table  2.  This  table  in- 
cludes information  on  the  TIRE  tire  number,  manufacturer,  size,  trade  name 
and  DOT  serial  number.  The  six  different  tire  sizes  represented  were  specified 
by  DOT.  Two  tires  in  each  tire  size  specified  were  tested.  The  two  HR78-15 
tires  were  supplied  by  DOT.  The  other  tires  were  purchased  locally  with  the 
aim  of  achieving  a representative  sample  of  current  original  equipment  tires 
from  different  vendors. 
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TABLE  1 

TIRE  TEST  SCHEDULE 


Road 

P 

V 

SA 

lA 

Load 

Run 

Tire 

Condition* 

psi 

mph 

Torque 

deg. 

deg. 

lb. 

Comments 

1-6 

-6 

2-6- 

-6 

Flat,  Dry 

24 

50 

Free  Rolling 

0 

0 

840 

30-Min. 

840 

Test 

2 

3 

3 

5 

1024 

4 

8 

1024 

5 

9 

784 

6 

4 

784 

7 

1 

660 

8 

10 

660 

9 

11 

1024 

10 

12 

1024 

11 

6 

1208 

12 

7 

T 

1208 

13 

1 

© 

© 

660 

LA-4  Test 
Cycle 

14 

10 

660 

15 

9 

784 

16 

4 

784 

18 

3 

840 

19 

5 

1024 

20 

8 

1024 

! 

21 

11 

1024 

22 

12 

1024 

23 

7 

1208 

24 

2 

840 

25 

r 

6 

r 

1 

I' 

1 

r 

T 

f 

1208 

* Skid  No.  = 85 

NOTE:  Runs  No.  1 12  were  steady-state  tests,  30  min.  duration 

VELOCITY  SCHEDULE  (J) : Urban  driving  (LA-4)  Test  Cycle  (1370  sec.) 

TORQUE  SCHEDULE  : Based  on  calculations  of  requirements  for  a vehicle 

weight  equal  to  twice  the  tire  load  to  follow  the  LA-4 
velocity  schedule 
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TABLE  1 CCont.) 
TIRE  TEST  SCHEDULE 


Road 

P 

V 

SA 

lA 

Load 

' 

Run 

Tire 

Condition* 

psi 

mph 

Torque 

deg. 

deg. 

lb. 

Comments 

26-( 

3-6 

1-6 

-6 

Flat 

Dry 

24 

© 

© 

0 

0 

660 

HFET  Test 
Cycle 

27 

10 

660 

28 

9 

784 

29 

4 

784 

50 

2 

840 

31 

3 

840 

32 

5 

1024 

33 

8 

34 

11 

35 

12 

' 

36 

6 

1208 

37 

7 ' 

1 

T 

1 

' 

1208 

f 

* Skid  No.  = 8S 

VELOCITY  SCHEDULE  (7):  Highway  Fuel  Economy  Test  (HFET)  Cycle  (765  sec.) 

TORQUE  SCHEDULE  (2)*  Based  on  calculated  requirements  for  a vehicle 

weight  equal  to  twice  the  tire  load  to  follow 
the  HFET  schedule 


SUMMARY  OF  RIM 
P155/80D13 
CR78-14 
FR78-14/15  -► 
HR78-1S  -*• 


WIDTHS  USED: 
4.5" 

5.0" 

5.5" 

6.0" 


SYMBOL  DEFINITION 

P Inflation  Pressure 

V Velocity 

SA  Slip  Angle 

lA  Inclination  Angle 
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TIRE  IDENTriEICATION  SCHEDULE 
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3.  TEST  DETAILS 


The  calculation  of  the  energy  loss  in  tires  requires  that  data 
measurements  be  made  continuously  during  the  course  of  each  test,  Inasm.uch 
as  the  TIRF  computer  is  limited  to  approximately  600  data  points  for  each 
channel  of  data  per  run,  the  data  sampling  rate  must  be  adjusted  for  each  test 
so  that  this  constraint  is  accommodated.  Thus,  the  longer  the  test  duration, 
the  longer  must  be  the  time  interval  between  successive  samples  of  data. 

Of  the  three  types  of  tests  used  during  this  program,  the  longest 
in  duration  was  the  30-minute,  steady-state  test  schedule.  Since  the  inde- 
pendent variables  were  held  constant  and  the  dependent  variables  changed 
very  slowly,  a coarse  sampling  rate  could  be  accepted.  .Accordingly,  a 
sampling  rate  of  one  sample  every  four  seconds  was  used.  The  LA-4  cycle  is 
approximately  1370  seconds  in  length  and  also  includes  many  rapid  changes 
in  velocity.  As  a consequence,  the  objective  was  to  obtain  maximum  resolution 
by  using  the  full  storage  capability  of  the  computer.  To  achieve  this  end, 
the  sampling  rate  selected  was  one  sample  every  2.2  seconds.  On  the  other 
hand,  the  HFET  cycle,  which  is  approximately  670  seconds  long,  has  relatively 
few  velocity  changes  of  appreciable  magnitude.  Thus  a convenient  sampling 
interval  of  two  seconds  between  successive  data  samples  was  selected. 

For  the  two  different  cycle  tests,  it  was  necessary  to  calculate 
the  torque  that  would  .have  to  be  applied  to  each  tire  to  accelerate/decelerate 
the  mass  of  a vehicle  according  to  the  velocity/time  schedule  specified  for 
that  cycle.  The  simulated  vehicle  weight  used  in  making  the  force  calculation 
was  chosen  to  be  equal  to  twice  the  tire  normal  load.  Data  for  the  values  of 
the  tire  loaded  radius,  required  for  the  torque  calculation,  were  obtained 
from  the  steady-state  tests  that  were  scheduled  to  be  conducted  first  for  this 
reason  (see  data  in  Table  3). 

-Accelerations,  forces  and  torques  were  calculated  for  each  time 
increment.  For  the  LA-4  cycle,  linear  interpolations  of  the  velocity/time 
data,  listed  at  one-second  intervals  in  the  Federal  Register,  were  used  to 
obtain  velocity  values  at  the  2.2-second  intervals.  .A  summary  of  these  data 
is  given  in  Appendix  A. 
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For  operational  convenience,  the  torque  data  were  calculated  for 
one  standard  condition  of  weight  (1000  lb.)  and  one  tire  loaded  radius 
(1.0  ft.).  This  expedient  permitted  the  use  of  a single  card  deck  to  input 
the  test  command  data  to  the  TIRF  computer  for  any  one  cycle.  Scaling  factors 
in  the  computer  were  adjusted  to  obtain  the  desired  torque  level  for  each 
individual  tire  based  on  its  normal  load  and  loaded  radius. 

Note  that  the  calculated  torques  account  only  for  the  inertial 
forces  involved  in  accelerating  and  declerating  the  simulated  weight.  This 
simulation  is  obviously  unrealistic  since  at  a constant  test  velocity  the 
command  torque  is  zero.  Forces  associated  with  rolling  resistance  and  vehicle 
aerodynamic  drag  could  have  been  included  in  the  torque  calculations  but  were 
deliberately  excluded  by  design. 

All  of  the  tires  were  in  a new  condition  when  received  and  each  one 
was  therefore  subjected  to  a break-in  procedure.  For  this  purpose,  the 
General  Motors  Tire  Performance  Criteria  (TPC)  break-in  procedure  was 
employed.  The  details  of  this  procedure  are  outlined  in  Appendix  B. 

The  entire  test  program  was  conducted  in  the  continuous  sampling 
program  (CSP)  mode  of  operation  wherein  a softv;are  system  controls  machine 
operation  and  continuously  logs  data.  To  improve  the  quality  of  the  measured 
data,  the  raw  analog  signals  were  conditioned  using  low-pass  electrical  filters. 
Filters  having  a corner  frequency  of  0.083  Hz  were  used  for  the  steady-state 
tests  and  1.0-Hz  filters  were  employed  for  the  driving-cycle  tests. 

Tire  contained  air  temperature  was  sensed  by  a thermistor  tempera- 
ture probe  that  was  inserted  through  the  wheel  rim  into  the  approximate  center 
of  the  tire  internal  cavity.  Tread  surface  temperature,  taken  at  the  approxi- 
mate center  of  the  tread,  was  measured  with  an  infrared  radiometer. 
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4.  TEST  RESULTS 


Test  data  from  the  steady-state  runs  were  reduced  in  two  different 
ways  so  as  to  obtain  values  for  tire  rolling  resistance  force  and  tire  energy 
loss.  The  relation  used  to  calculate  rolling  resistance  is  given  below, 

FR  = -FX  + CD 

where  FR  is  the  rolling  resistance  force  in  lbs.,  FX  is  the  longitudinal  force 
in  lbs.,  BFT  is  the  bearing  friction  torque  in  ft-lbs.  and  RL  is  the  tire 
loaded  radius  in  ft.  Forces  and  moments  used  are  consistent  in  designation 
and  sign  with  the  SAE  convention  for  the  tire  axis  system  CRefe^ence  1), 


Energy-loss  calculations  were  made  using  the  following  equation: 
ER  = -FX  + Cl  + SR)  C2) 


where  ER  is  the  energy  loss  in  ft-lbs.  per  ft.  and  SR  is  the  slip  ratio.  Slip 
ratio,  in  this  report,  is  defined  as  follows: 


SR 


N X RL 

k X V 


1 


C3) 


where  N is  wheel  rotational  speed  in  rpm,  V is  the  velocity  in  mph  and  k is  a 
constant  to  make  the  units  consistent  and  is  equal  to  14,01. 


Numerical  data  for  FR  and  ER  were  calculated  for  each  sample  of  data 
taken.  In  the  case  of  FR,  the  equilibrium  value  of  FR,  taken  as  that  value 
measured  when  the  tire  has  attained  thermal  equilibrium,  was  obtained  by 
taking  the  mean  of  the  final  20  values  calculated  during  the  test  run.  The 
final  value  of  FR  has  been  corrected  for  electrical  zero  drifts  in  the  TIRF 
balance  which  affect  FX  and  BFT  data.  IVhile  these  zero  drifts  are  small, 
they  can  have  a sizable  effect  on  the  sensitive  rolling  resistance  measure- 
ments. A summary  of  the  FR  data  is  given  in  Table  3,  Shown  also,  is  the 
sample  standard  deviation,  s,  associated  with  each  FR  value.  In  addition. 
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Table  .3  includes  the  mean  equilibrium  data  for  inflation  pressure  (P) , contained 
air  temperature  (CAT)  tire  tread  surface  temperature  (TST)  and  tire  loaded 
radius  (RL) . 

Values  of  ER  were  computed  on  a point-by-point  basis  using  Equation 
2 for  the  steady-state  tests  and  Equation  4 for  the  LA-4  and  HFET  cycle  tests, 

ER  = -FX  + ^ (1  + SR)  (4) 

where  T is  the  applied  wheel  torque.  The  mean  energy  loss  for  each  test 
was  computed  as  follows.  For  each  time  increment,  the  calculated  ER  was 
multiplied  by  the  distance  the  roadway  had  travelled  in  that  time  interval. 

These  products  were  then  summed  and  divided  by  the  total  distance  travelled 
by  the  roadway  for  the  entire  test.  Note  that  it  is  not  practical  to  make 
any  corrections  for  drift  in  the  balance  electrical  signals  in  the  ER  cal- 
culations. This  condition  results  from  the  fact  that  the  electrical  drifts 
are  assessed  only  at  the  conclusion  of  a test  run  (all  signal  channels  are 
set  to  zero  prior  to  each  run)  while  the  ER  calculations  are  made  throughout 
the  entire  run.  Since  experience  shows  that  the  drift  tends  to  be  random 
in  sign  and  magnitude,  the  presence  of  this  factor  in  the  data  must  be  noted 
in  comparing  test  results  within  and  among  tires. 

Table  4 contains  a summary  of  the  mean  energy  loss  (ER)  for  each  tire 
for  the  three  different  test  conditions  employed,  i.e.  the  steady-state  tests, 
the  HFET-cycle  tests  and  the  LA-4  cycle  tests.  Under  the  steady-state  heading 
in  the  table,  two  columns  are  listed.  The  numbers  in  parentheses  represent 
the  mean  equilibrium  ER  value  taken  over  the  last  20  data  samples  in  the  test 
run.  In  contrast  with  all  other  ER  calculations,  these  data  have  been 
corrected  for  any  thermal  drifts  in  the  balance  signals. 

The  data  shown  in  Tables  3 and  4 show  that  the  numerical  values  for 
most  tires  increase  in  level  in  the  following  sequence:  FR,  ER  steady  state 

(equilibrium),  ER  steady  state,  ER  HFET  cycle  and  ER  LA-4  cycle.  A summary  of 
the  relative  performance  of  the  tires  within  and  among  the  different  test 
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SUMMARY  OF  FQUILIBRIUM  DATA  FOR  ROUTING  RFSISTANCE  FORCE 
AND  OTHER  TEST  VARIABLES  FOR  THE  STEADY-STATE  TEST  RUNS, 
PASSENGER  CAR  TIRES 
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MANUFACTURER  LEGEND:  I GENERAL  4 GOODYEAR  7 AVALON 


SUMMARY  OF  MIIAN  ENERGY  LOSS  DATA  AS  DETERMINED  FOR 
STEADY-STATE,  URBAN  DRIVING  CYCLE  (LA-4)  AND  HIGHWAY  FUEL  ECONOMY 
(IIFCT)  TESTS,  PASSENGIiR  CAR  TIRES 
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Numbers  in  parentheses  are  equilibrium  values 


procedures  is  shown  in  Table  5.  In  Table  5 the  ranking  of  each  tire  is  in- 
dicated for  each  of  the  five  measures  of  rolling  losses  which  were  calculated. 
Please  note  that  no  attempt  has  been  made  to  normalize  the  data  with  respect 
to  normal  load  so  that  smaller-size  tires  tend  to  rank  higher  have  lower 

losses)  than  larger-size  tires.  The  objective  has  been  to  ascertain  whether 
significantly  different  rankings  would  result  from  different  test  schedules 
that  include  free-rolling  and  traction-t>’pe  test  conditions.  Table  5 was 
prepared  by  listing  the  tires  in  increasing  order  of  the  measured  rolling 
resistance  force,  FR.  In  each  of  the  other  four  columns,  the  ranking  of  the 
tire  in  that  particular  category  is  indicated  by  a rank  number.  Steady-test 
results  are  seen  to  be  extremely  well  correlated  with  only  minor  shifts  in 
ranking  among  the  three  columns.  With  a few  exceptions,  the  LA-4  and  HFET 
data  are  also  well  correlated  and  correlate  quite  well  with  the  steady-state 
rankings.  In  general,  except  for  some  obvious  exceptions,  it  appears  that 
these  tires  preserve  their  relative  ranking  regardless  of  the  type  of  test 
or  the  loss  criterion  that  is  used  in  evaluating  tire  performance.  Note  must 
be  made  of  the  fact  that  ten  of  the  twelve  tires  tested  were  of  radial-ply 
construction  so  that  extrapolation  of  these  results  to  other  constructions  may 
be  hazardous. 

A note  of  caution  needs  to  be  sounded  concerning  the  numerical 

values  of  the  tire  energy-loss  data  calculated  for  the  LA-4  and  HFET  cycle 

tests.  Results  from  tests  performed  outside  of  the  scope  of  this  program 

have  demonstrated  that  the  transient  response  characteristics  of  the  wheel - 

torque  servo  have  a very  large  effect  on  the  numerical  values  of  the  measured 

tire  energy  loss.  The  reason  for  this  situation  is  that  the  relation  used 

for  calculating  energy  loss  (eq.  4)  contains  the  slip-ratio  term,  which  due  to 

tire  compliance,  is  very  sensitive  to  the  time  rate  of  change  of  the  applied 

torque.  Since  the  torque  commands  to  the  TIRF  servo  are  in  the  foim  of  step- 

type  inputs,  updated  every  2,2  seconds,  the  servo  transient  response  is 

continually  being  excited.  If  the  overall  servo  response*  is  underdamped  (highly 

oscillatory),  the  fidelity  of  servo  torque  output  relative  to  the  torque 

command  will  be  poor.  As  a consequence,  large  levels  of  energy  loss  may  be 

measured, 

★ 

Includes  tire  characteristics 
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TIRIi  RANKINGS  BASliD  ON  VARIOUS  ROLLING  LOSS  CRITERIA 
AND  TEST  SCIIEDUI.es 
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In  adapting  the  TIRF  machine  to  cycle-type  testing,  the  nominal 
longitudinal  slip  servo  has  been  converted  into  a wheel-torque  servo.  Because 
the  principal  demand  on  the  torque  servo  has  been  in  static  operation,  this 
servo  has  a low  loop  gain  and  a highly  underdamped  transient  response.  In 
normal  operation,  several  seconds  are  permitted  for  the  servo  transient  re- 
sponse to  decay  before  computer  acquisition  of  data  takes  place. 

For  cycle  testing,  the  practice  has  been  to  reduce  servo  loop  gain 
further  to  modify  the  transient  response.  The  attempt  is  made  to  achieve  0,7 
of  critical  damping,  a widely  used  servo  criterion  which  provides  the  best 
compromise  between  rapid  response  and  minimiom  oscillatory  overshoot  in  response 
to  a step  forcing  function.  The  gain  method  of  modifying  servo  response  has 
been  used  because  it  is  simple  to  implement.  However,  it  is  not  a fully 
satisfactory  technique  since  static  accuracy  and  response  time  are  compromised. 
Other  servo  damping  techniques  are  available  that  permit  the  use  of  high  loop 
gains  but  to  have  made  use  of  these  methods  would  have  required  extensive  and 
costly  rework  of  TIRF  circuitry. 

As  the  result  of  an  oversight,  the  initial  cycle  tests  on  the  tires 
listed  in  Table  2 were  made  with  the  torque-servo  gain  at  its  nominal  level. 

For  purposes  of  comparison,  the  energy  loss  data  obtained  for  several  selected 
tires  for  LA-4  and  HFET  cycles  are  shown  below  in  Table  6 for  the  situations 
where  the  torque  servo  was  poorly  damped  and  where  it  was  well  damped.  The 
ranking  of  the  tires  in  this  small  sample  was  unchanged  despite  the  differences 
in  serv’O  response, 

TABLE  6 

EFFECT  OF  TORQUE  SERVO  RESPONSE  ON 
MEASURED  ENERGY  LOSS  IN  P.ASSENGER  TIRES 

ER,  ft-lb/ft 


TIP.E 

SIZE 

LOAD 

LB, 

Servo  Underdamped 
LA-4  HFET 

Servo 

LA-4 

Damped 

HFET 

P155/80D13 

667 

18,40 

15.48 

10.60 

9.63 

FR78-14 

1034 

19.75 

21.09 

14.10 

11.72 

FR78-15 

1 035 

19.38 

19.35 

13.19 

11.47 
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The  data  of  Table  6 demonstrate  the  large  sensitivity  of  measured 
tire  energy  losses  to  torque  servo  characteristics.  In  view  of  this  fact, 
it  would  be  clearly  desirable  to  use  servo  longitudinal  force  rather  than  wheel 
torque  in  performing  cycle-type  tests  for  the  purpose  of  determining  tire 
energy  losses.  This  approach  could  present  some  complex  servo  stability 
problems  since  tire  circumferential  compliances  and  nonlinear  slip  would  now 
be  inside  the  servo  loop. 
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5.  CONCLUSIONS  AND  RECOMMENDATIONS 


Based  on  energy-loss  measurements  made  on  a set  of  twelve  passenger 
car  tires  ranging  in  size  from  P155/80D13  to  HR78-15,  the  following  con- 
clusions are  warranted. 

1.  Energy-loss  values  for  a given  tire  are,  in  general,  the 
smallest  for  steady-state,  free-rolling  test  conditions  and  the 
largest  for  the  driving/braking  traction  conditions  of  the  LA-4 
test  cycle. 

2 . Relative  ranking  among  tires  with  respect  to  energy-loss  level 
appears  to  be  relatively  independent  of  the  type  of  test  cycle 
that  is  employed. 

3.  Energy-loss  levels  measured  under  conditions  of  driving/braking 
traction  are  very  sensitive  to  the  magnitude  and  duration  of  the 
time  rate  of  change  of  the  applied  wheel  torque. 

In  future  testing  of  the  type  performed  in  the  course  of  this 
program,  it  is  recommended  that  the  following  suggestions  be  accorded  serious 
consideration. 

1.  The  calculated  wheel  torques  for  the  LA-4  and  HFET  test  cycles 
should  be  augmented  to  include  vehicle  aerodynamic  drag  and 
the  rolling  resistance  force  of  the  vehicle's  other  tire  which 
is  free-rolling.  The  TIRF  torque  servo  should  be  modified  to 
achieve  a well-damped  transient  response  in  the  presence  of  a 
high  gain  in  the  servo  loop  to  achieve  tighter  control  of  the 
traction  conditions. 

2.  An  experimental  study  should  be  initiated  to  achieve  a capability 
to  servo  the  tire  longitudinal  force  (rather  than  wheel  torque) 
in  performing  driving/braking  traction  tests  aimed  at  determining 
tire  energy-loss  levels. 
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3. 


More  tests  on  a larger  sample  of  tires  should  be  conducted  to 
provide  information  that  can  be  statistically  evaluated  to  de- 
termine the  relationship  between  tire  losses  under  -equilibrium 
and  cycle  operation. 
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APPENDIX  A 


A TABULAR  SUMMARY  OF  THE  LA-4  AND  HFET 
VELOCITY-TORQUE  SCHEDULES 

The  velocity-torque-time  data  that  are  summarized  in  this  appendix 
were  derived  from  the  basic  velocity-time  schedules  that  are  specified  by  the 
Environmental  Protection  Agency  as  a part  of  the  Federal  Test  Procedure  for 
determining  exhaust  emissions  and  fuel  economy  of  light-duty  vehicles.  Since 
the  data  storage  capacity  of  the  TIRF  minicomputer  is  limited  to  approximately 
600  points,  it  was  necessary  to  use  coarser  time  increments  than  the  one- 
second  intervals  employed  in  defining  the  LA-4  and  HFET  cycles. 

For  the  LA-4  cycle,  the  time  interval  was  selected  to  be  2.2  seconds. 
Velocities  corresponding  to  these  non-standard  time  increments  were  obtained 
by  a linear  interpolation  of  the  original  velocity-time  listing.  Choice  of 
the  2.2-second  interval  made  maximum  use  of  the  available  computer  storage 
and  thus  achieved  the  best  possible  fidelity  in  reproducing  the  LA-4  schedule 
in  which  rapid  velocity  changes  are  required.  The  HFET  cycle,  on  the  other 
hand,  is  characterized  by  relatively  minor  changes  in  velocity  with  time  so 
that  fewer  data  samples  are  required  in  faithful  reproduction  of  this  cycle. 
Consequently,  a 2-second  time  interval  was  chosen.  Every  other  time-velocity 
pair  in  the  original  schedule  was  thus  used  and  no  interpolation  was  required. 

A calculation  was  made  of  the  accelerations  required  to  accomplish 
the  velocity  changes  specified  for  each  interval  of  time.  Taking  an  equivalent 
inertia  weight  of  1000  lbs.  and  a tire  loaded  radius  of  1.00  ft.,  a wheel 
torque  corresponding  to  each  acceleration  was  calculated. 

A listing  of  the  time,  velocity,  acceleration,  force  and  torque 
data  that  served  as  the  basic  TIRF  computer  inputs  for  the  LA-4  and  HFET  cycle 
tests  is  presented  in  Tables  A-1  and  A-2,  respectively. 
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TABLE  A-1 


EPA  URBAN  LA- 4 CYCLE  2.2  SEC  INTERVALS 


MEIGhT  = 1000.00U3S 

• HEEL  (?AOIUS  =»  1. 00  FT 


URBAN  t_A— 4 CYCLE 

2.2  sec 

intervals  - 625  9TS 

TTME 

VFL3CTTY 

ACCELERATTON 

1 <=ORCE 

TOROUE 

ISEO 

(MPH> 

(F9S» 

«RT7SEC5*2> 

CL5S> 

lFT*LdS> 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.200 

O.Q 

0.0 

0.0 

0.9 

0.0 

4.  .400 

0.0 

O-Q 

0.0 

0.0 

0.0 

6.300 

0.0 

0.0 

0.0 

0.0 

0.0 

s.aoo 

0.0 

0.0 

0.0 

0.0 

0.0 

1 1 .ooo 

0.0 

0.0 

0.0 

0.0 

0.0 

13-200 

o.r> 

0.0 

0.0 

0.0 

0.0 

15.400 

0.3 

0.0 

0.0 

0.0 

0.0 

17.600 

0.0 

0.0 

0.0 

0.0 

0.0 

i9.aoo 

0.0 

0.0 

0.0 

0.0 

0.0 

22.000 

5.900 

3.6S3 

3.933 

122.153 

122.153 

24 -20  O 

T2.100 

17,747 

4.133 

128.364 

123.364 

26-400 

17.000 

24.933 

3.257 

T 0 I .O.AO 

101 .449 

23.600 

19-700 

2S.693 

1.800 

55.900 

55.900 

30.aoo 

22.200 

32.560 

t .667 

51.760 

51.760 

33.000 

22.100 

32.413 

-0.067 

-2.070 

-2.070 

35-200 

20-300 

30.507 

-0 ,867 

-26.915 

-25.915 

37-400 

18.700 

27.427 

-1  .400 

-43.479 

-43.473 

39.600 

14.900 

21 .653 

-2.533 

-73.675 

-79.675 

41 -aoo 

15.400 

22.537 

0.333 

10.352 

10.352 

*4.000 

17.100 

25.080 

1.133 

35.197 

35.197 

46.200 

21.400 

31.387 

2-867 

89.027 

89.027 

4a .400 

22.3  00 

33.440 

0,933 

29.086 

29.986 

50.60  0 

21 .oOO 

31.od0 

-o.aoo 

-24.645 

-24.345 

52.600 

17,300 

25-667 

-2.733 

-€4.886 

-34.836 

55.000 

15. aoo 

23-173 

-1  . 133 

-35.197 

-35,197 

57.200 

20.200 

20.627 

2-033 

91.097 

91 .097 

59.400 

23.600 

34.613 

2.267 

70-394 

70 .394 

61 .600 

2*«3ao 

36.373 

0.300 

24.a4  5 

24 .845 

63 .aoo 

24.700 

36-227 

-0.067 

-2.071 

-2.071 

66.000 

24-700 

36-227 

0.0 

0.0 

3.0 

63.203 

24.700 

36-227 

0.0 

0.0 

0.0 

70.400 

24 -aoo 

36  .373 

0 . 067 

2.071 

2.07T 

72-600 

25.600 

37.547 

0.533 

) ^*.So3 

1 6.563 

7*-aoo 

25.000 

36.667 

-0.400 

-12.423 

-12-423 

77.000 

25.^00 

37.253 

0.267 

8-282 

8.282 

79-200 

25.000 

37.987 

0.333 

10.352 

1 0.352 

31 .400 

26.300 

33.573 

0 .26  7 

3.232 

3.232 

33-600 

2B.200 

41.360 

1.267 

39.337 

39.337 

as .aoo 

29-700 

43.560 

r .OOO 

31  .056 

31.056 

aa.ooo 

30.400 

44.Sa7 

0.467 

14.493 

14.493 

90-20  0 

30.700 

45.027 

0.200 

6.21  1 

6.21  I 

92.400 

30  LSOO 

-0-267 

-8.23 ’ 

-3.28 1 

94.600 

30 .600 

44  .aao 

0 .200 

6.2  1 1 

5.21  1 

96.600 

30.000 

44.000 

-0.40  0 

-12.422 

-12.422 

99.000 

29.600 

43,707 

-O.  133 

—4.14  1 

-4.141 

1 0 1 .200 

30 .700 

45 .0^7 

0.600 

18.633 

13.633 

103.400 

3t .300 

0.200 

6.21  1 

6.2  1 I 

105.600 

30 .OOO 

44.000 

-0.667 

-20.704 

-20.704 

107.300 

30.100 

44.147 

0.067 

2.070 

2.070 

20 


TABLE  A-1  (Cont.) 


e»A 

U9SAM  1.A— 4 CYCLE 

2-2  sec 

lMTERVAt_S  - 625  PTS 

TIME 

VFLQgtTY 

ArrCf  FPATTOM 

TTwniip 

(SEO 

IMPHl 

(FPSl 

lFTy'SEC*»2  ) 

(l_3S) 

(FT»l,3S) 

1 10.30  0 

31 .200 

45-760 

0.733 

22.774 

22.774 

I I Z .20  0 

32.200 

47-227 

0.667 

20.704 

20.704 

1 14.400 

32.000 

46.933 

-0.133 

-4. 1 4 1 

: 4 T 

116.600 

26.600 

39.013 

-3.600 

-111 .30  1 

-11 1 .801 

IXS.SOO 

19.400 

28.453 

-4.600 

-149.068 

-149.068 

121  .000 

12.100 

17-747 

-4.667 

-151.138 

-151.138 

IZZ.ZOO 

4.800 

7-040 

-4-867 

-151 .139 

-151  . t-»9 

125.40  0 

0.0 

0.0 

-3.200 

-99.379 

—99.379 

12T.600 

0 .0 

0.0 

0.0 

0.0 

0.0 

129.AOQ 

0.0 

0.0 

0.0 

0.0 

0.0 

132.000 

0.0 

0.0 

0.0 

0.0 

0.0 

134.200 

0.0 

0.0 

0.0 

0.0 

0.0 

1 36.40  0 

0.0 

0.0 

0.0 

0.0 

o.n 

136.600 

0 .0 

0.0 

0.0 

0.0 

0.0 

140.600 

0.0 

0.0 

0.0 

0.0 

0.0 

143.000 

0.0 

0.0 

0.0 

0.0 

0.0 

145-200 

0.0 

0 .0 

0-0 

0.0 

0 .0 

147.400 

0.0 

0.0 

0.0 

0.0 

0.0 

149.600 

0.0 

0.0 

0-0  ■ 

0.0 

0.0 

tSl .600 

0.0 

0.0 

0.0 

0.0 

0.0 

154.000 

0.0 

0.0 

0.0 

0.0 

0.0 

156.200 

0 .o 

0.0 

0.0 

0.0 

0.0 

1 58-400 

0.0 

0.0 

0.0 

0.0 

0-0 

160.600 

0.0 

0.0 

0.0 

0.0 

0.0 

162.60  0 

0.0 

0.0 

0.0 

0.0 

0.0 

165.000 

6.600 

9.660 

4.400 

136.646 

136.646 

167-20  0 

13-900 

20.387 

4.867 

151-139 

151 .139 

1 69.400 

20.800 

30.507 

4 .oOO 

142.657 

142.657 

171 .600 

25.200 

36.960 

2.933 

9 1 .097 

91 .097 

173.600 

25-800 

37.840 

0.400 

12.422 

12.422 

176.000 

24.700 

36.227 

-0.733 

-22.774 

-22.774 

176.200 

25.200 

36.960 

0.333 

I 0.352 

10.352 

180-400 

26.400 

38-790 

0.800 

24.6  4 5 

24 .845 

162.600 

25.0  00 

36.667 

-0.933 

-23.985 

-23.985 

164.600 

20.100 

29.480 

-3.267 

-10  1 .44-9 

-101.449 

137.000 

1 7.2  00 

25.227 

-1 .933 

-60.042 

—50.042 

1 89.20  0 

1 8 .900 

27,720 

1.133 

35.105 

35. 196 

191 .400 

23.100 

33.880 

2.600 

86.957 

86.957 

193.600 

29.200 

42.827 

4.067 

126.294 

126.294 

1 95.300 

35-700 

52.360 

4-333 

134.575 

134.575 

196.000 

39.300 

57.640 

2.400 

74.534 

74.534 

200.200 

42.4  00 

62.187 

2.067 

64.132 

64.182 

202  .400 

45 .400 

56.537 

2.300 

52.112 

52.T 1 9 

204-600 

47.200 

69.227 

1.200 

37.267 

37.267 

206.600 

47.400 

69.520 

0.  133 

4.141 

4.14  1 

209.000 

47.000 

68.933 

-0.267 

-8.23  1 

-6.281 

2T1 .200 

47,000 

58.933 

0.0 

o-n 

0.0 

213.400 

47.100 

69.060 

0.06  7 

2.071 

2.071 

215.600 

47.700 

69.960 

0.400 

12.422 

12.422 

21 7.600 

49.000 

71.667 

0.867 

26.915 

26.915 
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TABLE  A-1  (Cont.) 


ePA 

URBAN  l.A-4  CYCLE 

2-2  SEC 

INTERVALS  — 625  PTS 

Ttwe 

ygt-nciTY 

^CCELgRATTHN FnHr= 

TnPO(  (T 

(SEO 

(MPH> 

t3T/SEC*»2  > 

(U3S) 

(FT»t_9S> 

220.000 

50-000 

73-333 

0.667 

20-704 

20-704 

222.200 

51.100 

74-947 

0.733 

22-774 

22-774 

224.AOO 

52-600 

77.147 

1 -000 

8 1 -056 

226.M0 

34.400 

79.737 

1 .200 

37.267 

37.267 

223.300 

55.000 

80.667 

0.400 

12.423 

12.423 

231 .000 

54.600 

80 .080 

-0.267 

-8.282 

-8.282 

233-200 

54.900 

80.520 

0 4 pnn 

T 

6.211 

235-aOO 

55.600 

81.547 

0-467 

14.493 

14.493 

23T-6O0 

56.200 

82-427 

0.400 

12.422 

12.422 

239-300 

So-700 

83.160 

0.333 

10-352 

10.352 

2A2-0O0 

56.500 

32-867 

-O.  133 

-4.141 

-4.141 

2AA-200 

56.300 

32.867 

0.0 

0.0 

0.0 

24ft. AOO 

56.500 

82.867 

Q - 0 

0.0 

0.0 

243.600 

56-300 

82.573 

-0. 133 

-4.1 4 I 

-4.141 

250.300 

55.200 

80.960 

-0.733 

-22-774 

-22.774 

2S3 - OO  0 

54.^00 

79.493 

-0.667 

-20.704 

-20.704 

255-200 

53.700 

78-760 

-0.333 

-10.352 

-10.352 

257.400 

53 .900 

79.053 

0.133 

4.14  1 

4.141 

259.60  0 

54.100 

79.347 

0.133 

4.14  1 

4.14  1 

261  .30  0 

53.500 

78-467 

-0.400 

-12.423 

—12.423 

264.000 

52.600 

77*147 

-0.600 

-13.653 

—IS. 633 

266.199 

52.300 

76-707 

-0.200 

-6.21 1 

-6.211 

253-399 

51 .800 

75.973 

-0.333 

-10.352 

-I0.3S2 

270  - 599 

51  .500 

75-533 

-0.200 

—6-2  I 1 

-6.21 1 

272-799 

52.000 

76-267 

0-333 

10.352 

10.352 

274.999 

53.000 

77-733 

0.667 

20-704 

20.704 

277. 169 

54.P00 

7Q  44.0“^ 

0.800 

24 .845 

279-399 

53.5  00 

ai .400 

0.367 

26-915 

26.915 

231.599 

56.300 

82.133 

0.333 

10-35E 

10.352 

233-799 

55.300 

81.107 

-0.467 

-14.493 

—14.4  93 

235-999 

53.600 

79.613 

-1.133 

-35.197 

-35. 197 

233.199 

51  .500 

75.533 

-1 .400 

-43.473 

-43.478 

290-399 

51  .300 

75.240 

-0.  133 

-4.14  1 

-4.141 

292-599 

73-480 

-o.aoo 

-24.845 

-24.845 

294-799 

50.000 

73-333 

-0.067 

-2.071 

-2.071 

296-999 

49.500 

72-600 

-0.333 

-10-3S2 

-10.352 

299.199 

4.Q«A0a 

72.453 

-0.067 

-2.071 

-2.071 

30  1 .399 

48  .4  00 

70.987 

— O • 6b  7 

-20.704 

-20. 704 

303.599 

46.500 

68-200 

-1  .267 

-39.337 

-39.337 

305-799 

44.000 

64.533 

-t  .667 

-51 .760 

-51.760 

307-999 

41 .500 

60-867 

-1  .667 

-5  1 .76  0 

-51.760 

310-198 

38.200 

56-027 

-2.200 

-68.323 

-63.323 

312.393 

34.700 

50.393 

-2.333 

-72.464 

—72.464 

314.598 

31 .900 

46-737 

-1 . 867 

—57.97 1 

-57.971 

316.798 

30.500 

44.733 

-0.933 

-28.985 

-23.985 

313.998 

29.0  00 

42.533 

-1 . 000 

-31.056 

-31.056 

321 .198 

24.1 00 

35.347 

-8.2ft7 

0 1 . AAO 

-101 .449 

323-398 

19.700 

28-893 

-2.933 

-91  .098 

-91.098 

325-598 

17.600 

25.313 

-1.400 

—43.478 

-43.478 

32  7-798 

13.100 

19-213 

—3-000 

-93.168 

-93.168 
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TABLE  A-1  CCont.) 


ET»A 

URBAN  UA— ♦ CYCLE 

2-2  SEC 

intervals  — 

625  PTS 

Tiwe 

VELOClTy 

4rr=»  =PATTON  «=npr!=' 

TnwniiP 

ISEC» 

(YPHl 

(FPS  ) 

<FT/seC4»2>  (LBS) 

(FT»L3S ) 

329.998 

8.000 

I 1-733 

-3.400 

-105.590 

-105.590 

332.199 

1.100 

1 .613 

-4.600 

-142,857 

-142.357 

334.398 

0 .0 

0.0 

-0.733 

. 7T A 

-3^  -7-'4 

338.398 

0.0 

0.0 

0.0 

0.0 

0.0 

338.798 

0.0 

o.cr 

0.0 

0.0 

0.0 

3A.0.998 

0.0 

0.0 

0.0 

0.0 

0.0 

343.1Q8 

0 -o 

0.0 

0.0 

o *r» 

345.398 

0.0 

0.0 

0.0 

0.0 

0.0 

347.598 

3.000 

2.000 

62.1 12 

62.112 

349.798 

9.200 

13.493 

4.133 

129.364 

128.364 

3S1 .998 

17*300 

25.373 

5.400 

167.702 

167.702 

3S4.198 

22-700 

33.293 

3.600 

1 11.80 1 

1 11.801 

356. 39r 

25-700 

37.693 

2.000 

67. 1 T 7 

67.1 17 

358.597 

29.200 

42  .827 

2.333 

72.464 

72.464 

360.79  7 

31.400 

46.053 

1 .46  7 

45.548 

45.548 

362.997 

32.800 

48.1  07 

0.933 

28.986 

28.986 

365.197 

34 .500 

50 .600 

1-133 

1 07 

35.107 

367.397 

34 .900 

51  -187 

0-267 

a*29 1 

3.291 

369-597 

34.600 

50-747 

-0.200 

-6.21  1 

-6.211 

371.797 

3S.900 

52.633 

0-367 

26.91 5 

26.915 

373.997 

36.000 

52-800 

0.067 

2.070 

2.070 

376.197 

36.000 

52.300 

0.0 

0.0 

0.0 

379.397 

36-200 

53.093 

0-133 

4.14  1 

4.141 

380.397 

36.500 

53-533 

0.200 

6*21  1 

6.211 

382  .797 

3S*30a 

51-773 

-0.800 

-24-84.S 

-24,845 

384.997 

33 .300 

49-133 

-1.200 

-37.267 

-3T.26T 

337.197 

25.300 

41-507 

-3-467 

-107.660 

— T 07 .660 

389.39  7 

21 .900 

32.120 

-4.267 

-132.505 

-132.505 

391-597 

15-700 

23.027 

-4.133 

-129.364 

-129.364 

393.797 

9.400 

13.787 

-4.200 

-130.435 

-130.435 

395.99  7 

2.1  OO 

3.080 

-4.867 

-151.139 

-151 .139 

398.197 

0.0 

0.0 

-1 .400 

—43.478 

—43.478 

400.396 

0.0 

0.0 

0.0 

0.0 

0.0 

402 .596 

I .oOO 

2.347 

1 . 067 

33. 126 

33.126 

404.798 

3.5  00 

12.467 

4.600 

142,857 

142.957 

406.996 

15-300 

23.173 

4.867 

151.139 

151 . 139 

409-196 

22  .9  00 

33.587 

4.733 

1 46.998 

1 0.6.  =08 

4 11  .396 

26.400 

38-720 

2-333 

72.464 

72.464 

4 13 .596 

29.600 

43.413 

2.  133 

66.253 

66.253 

415.796 

30.000 

44.300 

0-267 

3.282 

3.282 

417.996 

29.300 

42.973 

-0.467 

-14.493 

—14.493 

420. 196 

27.4 OO 

40.137 

-1.267 

-39.337 

-39.337 

422.396 

20.400 

29,920 

• 667 

-I  AA.OPO 

424.596 

13.1  00 

19.213 

-4-867 

-151 .138 

-151 .138 

426.796 

5.900 

3.653 

-4.800 

-149 .063 

-149.063 

428.996 

0-0 

0.0 

-3.933 

-122.153 

-122. 153 

431  .196 

0.0 

0.0 

0.0 

0.0 

0.3 

433.396 

0 .0 

0 .0 

0.0 

a .0 

0.0 

435.596 

0.0 

0.0 

0.0 

0.0 

0.0 

437.796 

0.0 

0.0 

0.0 

0.0 

0.0 
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TABLE  A-1  (Cont.) 


EPA 

URaAN  l_A— 4 CTCL£ 

2.2  S£C 

INTERVAUS  - 625  9TS 

Ttwe 

VgL3CtTY 

arm  gpATTriM gQors 

TOPOUP 

<S£C> 

(WPH> 

CFPS) 

IPT/3£C«»2» 

(l.3S> 

|FT«C3S> 

4.39.996 

0.0 

0.0 

0.0 

0.0 

0.0 

442.196 

o.a 

0.0 

0.0 

0.0 

0.0 

444»3'>6 

0.0 

0.0 

0.0 

0.0 

0.0 

44C.59S 

0 .a 

0.0 

0.0 

0.0 

0.0 

448.795 

5.900 

3.653 

3.933 

122.153 

122.153 

450.995 

13.200 

19.360 

4.867 

151.139 

151.139 

453. 195 

20 .500 

30 .067 

4.86  7 

151 .1 39 

151 . 1^0 

455.395 

27.000 

39.600 

4-333 

134 .575 

134.575 

457.595 

30-500 

44.733 

2.333 

72.464 

72.464 

4S9.79S 

33.000 

48.400 

1-667 

51 -760 

51.760 

461 .995 

35.1 00 

51 .480 

1 .400 

43.478 

43.478 

464.195 

36.100 

52.947 

0.667 

20.704 

20.704 

466 .395 

36.1 00 

52.047 

0.0 

0-0 

r>  .n 

468.595 

35.800 

52-507 

-0.200 

-6.21  I 

-6.211 

4 70.795 

36.000 

52.800 

0.  133 

4.141 

4.141 

472.995 

35.500 

52-067 

-0.333 

-10.352 

—10.352 

475.  195 

35-100 

51  .480 

-0.267 

-8.282 

-8.282 

477.395 

35-100 

31.480 

0.0 

0.0 

0.0 

479.595 

35.200 

51  -627 

0.06  7 

2.070 

2.070 

481.795 

35.100 

51  .480 

-0.067 

-2.070 

-2.070 

483.995 

35.500 

52.067 

0.267 

8.232 

3.282 

486.195 

35.000 

St  .333 

-0.333 

-10-352 

-10,352 

488.395 

34.900 

51  -187 

-0.067 

-2.071 

-2.071 

34.500 

50-600 

-O.2o7 

-8.29  1 

-8.281 

492.794 

32.300 

47.373 

-!  .467 

-45.348 

-45.548 

494.994 

28.000 

41.067 

-2.867 

-89.027 

-89.027 

22.000 

32.267 

-4.000 

-124.224. 

-124-224 

4.99 

15.200 

22.293 

-4.533 

-140.787 

-1.40.797 

501.594 

8.400 

12-320 

-4.533 

-140.737 

-140.787 

503-794 

1.600 

2.347 

-4.533 

-140,737 

-140.737 

505-994 

0.0 

0.0 

-1.067 

-33.126 

-33.126 

508-194 

0 .o 

0.0 

0.0 

0.0 

0.0 

510.394 

0.800 

» .173 

0.533 

1 6.56,3 

16.56.3 

51±.^4 

4.700 

6.893 

2.600 

HQ. 745 

30.745 

514.794 

8.100 

11.880 

2.267 

70-393 

70 .393 

516.994 

10.500 

15.400 

1 .600 

49.689 

49.689 

519.194 

14  .400 

21-120 

2.600 

80.745 

80.745 

9^ 1 .394 

18.200 

26.693 

2.533 

78.675 

78.675 

523.594 

20.600 

30.213 

1 .600 

49.689 

49.689 

525.794 

22.800 

33.440 

1 .467 

45.549 

45.549 

527.994 

24.500 

35-933 

1 . 133 

35-197 

35.197 

530-194 

25.0  00 

36.667 

0-333 

10.352 

10.352 

532 .394 

25-000 

36-667 

0.0 

3.0 

0.0 

534  .394 

25.000 

0.0 

0.0 

0.0 

536.79  3 

25.8  00 

37.840 

0.533 

16.563 

16.563 

538.993 

25.600 

37.547 

-0. 133 

-^•1 A : 

-4.141 

541 .193 

25.0  00 

36.667 

—0 .AGO 

-1  2.a23 

-12,423 

543.393 

24.800 

36.373 

-0. 133 

-4.141 

-4,141 

545.593 

21.100 

30.947 

-e.467 

—76.605 

-76.605 

547.793 

13.900 

20  -387 

-4.800 

-149.068 

-149. 06S 
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TABLE  A-1  (Cont.) 


S>A 

URBAN  L>-9  OrCtE 

2-2  SEC 

rMTSRVAL3  - 625 

RTS 

TTMP 

VEt_nCT  TV 

ACCELERATION 

pnQrc- 

THPrStfC’ 

{ S£C) 

(4PH  ) 

<EPS  > 

lET/’SeC**2  > 

(U3S> 

tET«t_3S  ) 

SA<>.9«»3 

6.600 

9 .680 

-4.367 

151 .139 

-151 . 139 

55a.l>»3 

0.0 

0.0 

-4.400 

136.646 

-136.646 

554.. 303 

0 .0 

0-0 

0-0 

0.0 

-)  . ^ 

556.593 

0.0 

0-3 

0.0 

0.0 

0.0 

558-793 

0.0 

0.0 

0.0 

0.0 

0.0 

560.993 

0.0 

0.0 

0.0 

0.0 

0.0 

S63_ 193 

0.0 

0-0 

0.0 

0.0 

0.0 

565-393 

0 .0 

0.0 

0.0 

0.0 

0.3 

567.593 

0.0 

0.0 

0.0 

0.3 

0.0 

569.793 

5.900 

3.653 

3.933 

122.153 

122. 153 

571 .993 

13.000 

19.067 

4-733 

146.998 

146.998 

574.19  3 

16.200 

23-760 

2.133 

66.253 

66.253 

576.393 

iT-ann 

1 5.S63 

T iS  - 

578.593 

17.600 

25.813 

0.40  0 

12.422 

12.422 

580.793 

17.600 

25.813 

0.0 

0.0 

0.0 

582.992 

16.900 

24-787 

—0.467 

-1 4.493 

-14.493 

555.192 

17-O0O 

24.933 

0.057 

? . 7 T 

2.071 

587.392 

16.^00 

24.640 

-0.  133 

-4.141 

-4.141 

589.592 

T6.SOO 

24.200 

-0.200 

-6.21  I 

-6  .211 

591.792 

16.900 

24.787 

0.267 

8.291 

8.281 

593.992 

18.500 

27.133 

1.067 

33.125 

33.126 

596.192 

20.400 

29.920 

1 .267 

39.337 

39.337 

598.392 

21 . r 00 

30 -OAT 

0. 467 

t 4.  -AO 

I 4.493 

600.592 

21 .800 

31 -973 

0.467 

14.493 

14.493 

602.792 

22.500 

33.000 

0.467 

14.493 

14.493 

604..99  2 

22.500 

33.000 

0.0 

0.0 

0.0 

607-192 

24-0  00 

35.200 

1 .000 

31  .056 

3T .056 

609-392 

26.200 

33.427 

1 .467 

45.548 

45.548 

61  I .592 

26 .500 

38.367 

0.200 

5.21  1 

6.21  1 

613.792 

20.200 

29-627 

-4.200 

130.435 

-130.435 

615.992 

12-900 

18.920 

-4.86T  - 

151 .139 

-151 .139 

618.192 

8.900 

13.053 

-2.667 

-82.8  16 

-82.816 

620-392 

0-0 

0.0 

-5.933 

184.265 

-184.265 

622-592 

0 .0 

0 .0 

0.0 

0.0 

3 .3 

624-792 

0.0 

0.0 

0.0 

0.0 

0.0 

626.99 1 

0.0 

0.0 

0.0 

0.0 

0 .0 

629-19  I 

0 .0 

0.0 

0.0 

0.0 

0.0 

631 .39 1 

0.0 

0.0 

0.0 

0.0 

0.0 

633-59 1 

0-0 

0.0 

0.0 

0.0 

0.0 

635-791 

0.0 

O.Q 

0.0 

0.0 

0.0 

637.991 

0.0 

0.0 

0.0 

0.0 

0.0 

640.191 

0.0 

0.0 

0.0 

c.o 

0.0 

542.39  T 

0 -0 

0.0 

0.0 

0.0 

644.59 1 

0.0 

0.0 

0.0 

0.0 

0.0 

646-791 

4.000 

5-867^ 

2-667 

82.816 

82.316 

648.99 1 

10.200 

14.960 

4-133 

126-364 

123.364 

651 . 191 

14.200 

20.82^ 

2-  667 

T ^ 

-A  ? A 

653.39 1 

18.300 

26.840 

2. 733 

34.886 

655-59 1 

21 .700 

31  .827 

2.267 

70.393 

70.393 

6 57-79  1 

24.300 

35.640 

1.733 

53.830 

53.830 
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TABLE  A-1  (Cont.) 


i_A— 4 rvrt  F 

2.3  sec 

TMTEftVAUS  - 625  PTS 

Trye 

ygLHClTV 

4rr=>  80ATT 

ernor  = 

THpnuP 

cseo 

CMP«> 

fFPSl 

(FT7SEC**2> 

tussi  . 

tFT41_3S) 

659.991 

35.600 

37.547 

0.367 

26.915  / 

26-915 

663.191 

36.100 

33.230 

0.333 

10.352/ 

10.352 

66A..39T 

’6-300 

33-573 

0-133 

4.141 

4-141 

666 .59 1 

36.500 

33.367 

O.  133 

4.1.,  1 

4.14  1 

663.79 1 

25 .600 

37.547 

-0.60  0 

-18.633 

—18.633 

670.990 

31  .4  00 

31  .387 

-2.800 

-36.957 

-86.957 

673. IQO 

16-000 

23.467 

-3.600 

-t  1 ! .80  1 

-1 1 1 .80  1 

67S.390 

10.400 

15.253 

-3.733 

-1 15-942 

-115.942 

677.590 

4.400 

6.453 

-4.000 

-124.224 

-124.224 

679.790 

0.0 

0.0 

-2.933 

-91  ,09  7 

-91.097 

631 .990 

0.0 

0.0 

0.0 

0.0 

0.0 

634.190 

0.0 

0.0 

0.0 

0.0 

0.0 

636.300 

0.0 

0.0 

0.0 

0.0 

0.0 

633.590 

0.0 

0.0 

0.0 

0.0 

0.0 

690.790 

0.0 

0.0 

0.0 

0.0 

0.0 

693.990 

0.0 

0.0 

0.0 

0.0 

0.0 

695.190 

3.SOO 

5-133 

2.333 

72.464 

72.464 

697.390 

7.600 

11 .147 

2.733 

84.386 

34.886 

699.590 

13.600 

13.430 

3-333 

103.51 9 

103.519 

701  .790 

16.000 

23.467 

2.267 

70.394 

70.394 

703.990 

16.500 

24.200 

0.333 

10.352 

10.352 

706.190 

18.400 

26.987 

1 .267 

39.337 

39.337 

703-390 

20 .700 

30-360 

1,533 

47.619 

47.619 

710.590 

22 .500 

33.000 

1 .200 

37.267 

37.267 

712-790 

33.600 

33.147 

0.06  7 

2.070 

2.070 

714.990 

23-500 

34.467 

0.60  0 

13.633 

1.8.633 

717.139 

21 .400 

31 .387 

-! .400 

-43.478 

—A3. 478 

719.^9 

16.3  00 

24.640 

-3 . 067 

-95.238 

^5.233 

721.589 

10.300 

14.960 

-4-400 

-136.646 

-136.646 

723.789 

4.3  00 

7.040 

-3.600 

-111 .301 

-US  .30  1 

735.989 

3.1  00 

3.030 

-1 .300 

-55.90  1 

-55.901 

728.189 

1 .000 

1 .467 

—0.733 

-22.774 

-22.774 

■'30  .380 

7.700 

! 1 - 20  3 

4 . 4.6  7 

138.71 6 

138.716 

732-58  9 

13.4-00 

19.653 

3-800 

1 13.012 

118.012 

734,789 

17W>0O 

25.313 

2.300 

36.957 

86.957 

736-939 

31.500 

31.533 

2.600 

30,745 

30.745 

739.180 

24.700 

36.227 

2.133 

66.253 

66.253 

74  1 .330 

26.700 

39.160 

1.333 

4 I .408 

4 1 .403 

743  .58  0 

27.700 

40.627 

0.667 

20.704 

20.704 

745  - 789 

23.500 

4 1 .800 

0.533 

16.563 

16.563 

747.989 

23.300 

41.507 

-0-133 

-4.14  1 

-4.141 

750-139 

27 .900 

40.920 

-0.267 

-8.28  2 

-3.282 

752-380 

26.300 

38.573 

-1.067 

-33.TP6 

-33.126 

754.539 

22.300 

32.707 

-2.66  7 

-82.61 6 

-32 .816 

756.739 

1 7.000 

24.933 

-3.533 

-100.73 1 

-109.731 

753.089 

13.500 

13.333 

-3. 000 

-93.163 

-93.163 

76 ! .188 

5 ..600 

8.2  1 3 

-4.600 

-14?  .85  7 

763.383 

1 .600 

2.200 

-2.733 

755.583 

0.200 

0.293 

-0.867 

-26.915 

-26 .915 

767.733 

5.600 

3.213 

3. 600 

I 1 1 .30 1 

1 t 1 .301 
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TABLE  A-1  (Cont.) 


UPB4M  L-4— 4 cyajE 

2.2  sec 

irMTEPVAl_S  — 625  PTS 

ttme: 

vrt  aciT7 

xcrrr  f9att 

nN  enpcF 

Tni^oi  i(= 

( SEO 

(MPH  ) 

«P9S) 

(FT/'SeC*»2) 

(U35) 

(PT*t.3S  ) 

769-9^8 

12.900 

18.920 

4.867 

151.138 

151.138 

772 -laa 

17,700 

25.960 

3.200 

99.379 

99.379 

774.388 

20 .000 

29.333 

1 .533 

47-/S  1 O 

OT  -iS  T O 

776.588 

22-700 

33.293 

1 .800 

55,900 

55-900 

778.788 

26.200 

33-427 

2.333 

72.464 

72.464 

780.988 

23.000 

41-067 

1.200 

37.267 

37.267 

783.188 

23.900 

42.387 

0-600 

r 8.633 

18.63.3 

785.388 

23.800 

42 .240 

-0.067 

-2.070 

-2 .070 

787.588 

23.400 

41  .653 

-0.267 

-3.282 

-8.232 

789.788 

23.300 

41.507 

-0.067 

-2.070 

-2.070 

791.983 

27.600 

40.480 

-0.467 

-14.493 

-14.493 

794. I aa 

27-500 

40.333 

-0.062 

-2.071 

-2.071 

796.38  8 

27-500 

40.333 

o-rt 

n -r» 

0-0 

798.588 

27.500 

40.333 

0.0 

0.0 

0 .o 

800,788 

23.4  00 

41 .653 

0.600 

18.633 

18.633 

302.988 

31  .000 

45.467 

1 .733 

53.830 

53.830 

8ns. 187 

1 - 

A r - 0.0  4 

A 1 - a O ^ 

807.387 

33-700 

49.427 

0.467 

1 4.493 

14.493 

809.587 

34.200 

50.160 

0.333 

10.352 

10.352 

811.787 

34.0  00 

49-867 

-0.133 

-4.141 

-4.141 

813.987 

33.600 

49.230 

-0.267 

-3.28 1 

-8.23 1 

016.187 

32.000 

43.253 

-0.467 

-1  4.493 

—14.493 

8 t a. 38 7 

32.000 

46.933 

-!  0.633 

-10.633 

820.587 

31  .500 

46.200 

-0.333 

-10.352 

-10.352 

822.787 

30.100 

44.147 

-0.933 

-23.985 

-23.985 

824.987 

29.900 

43-353 

-O.  133 

-4.14  I 

-4.141 

827-137 

29-8  00 

43.707 

-9-067 

— 

-2.070 

829-387 

29.500 

43.267 

-0.200 

-6.2 1 1 

-6.2  I I 

831 -587 

29.100 

42 .680 

-0.267 

-8.23 1 

-8.23  1 

833-787 

27.800 

40.773 

-0.867 

-26.915 

-26.915 

335-937 

25.500 

37.400 

-1.533 

-47.619 

-47.619 

338-187 

21 .700 

31 .827 

-2.533 

-78.675 

-70.675 

8«Q  .387 

19,200 

23.160 

-!  .667 

-51 .760 

— ^ t -r^n 

8 4 2.58  7 

20.600 

30.2  13 

0.933 

28.986 

28.986 

844-787 

21 .900 

32.120 

0.867 

26.915 

26.915 

346-98  7 

23.200 

34.027 

0.367 

26.91 5 

26.915 

840. ifi  7 

i>S.200 

36.960 

> . 333 

4 I .40  0 

4 1 . 40 

351.386 

25 .600 

37.547 

0.267 

8.282 

. 8.282 

853-586 

26.900 

39.453 

0.867 

26.915 

26.915 

355.786 

27.700 

40-627 

0.533 

16.563 

16.563 

857-986 

28.800 

42.240 

0.733 

22.774 

22.774 

860.  186 

29.000 

42.533 

0.133 

4.14  1 

4.I4I 

0 6 2.386 

25 .600 

t 7 

-0.267 

-8  .20  1 

1 

864.586 

27.2  00 

39.893 

-0.933 

-28.986 

-28.986 

366.786 

25.200 

36.960 

-I  -333 

-41 .400 

-41 .408 

368.986 

24.300 

36-373 

-0.267 

-8.281 

-0.291 

071  .186 

25  .500 

37.400 

0.467 

14.493 

14  .-fQ3 

373.386 

26 .500 

38.867 

0.667 

20.704 

20.704 

875.586 

27.700 

40.627 

0.800 

24.345 

24.845 

377.786 

23 .900 

42.387 

0.800 

24.345 

24.345 
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TABLE  A-1  fCont.! 


EP* 

URBAi'J  l_A— 9 ryrr  f 

2.2  sec 

INTERvauS  — 625  PTS 

TIME 

veuoc  T TT 

ACCEl  SPATTOM  POPCP 

Topoue 

cseo 

(HPHl 

0=PS» 

tFTy'SEC«*2) 

(L3S1 

tFT*cas; 

87q.9S& 

29.100 

92.680 

0.133 

9.191 

9.19  1 

882.136 

28.800 

92.290 

^•200 

-6.21  I 

-6.211 

88A.386 

28.100 

91,213 

-0.467 

-1  4.993 

—1  A 

886.586 

27.800 

90.773 

-0  .200 

-6.2 1 1 

-6.211 

888.786 

26.700 

39.160 

-0.733 

-22.779 

-22.779 

390.986 

27.500 

90.333 

0.533 

16.563 

16.563 

892.186 

23.000 

41 .057 

0.  333 

10.352 

10.352 

895.385 

23.000 

91.067 

0.0 

0.0 

0.0 

897.585 

27.300 

90-773 

-O. 133 

-9.191 

-9.191 

899. 7SS 

27.000 

:».6oo 

-0.533 

-16.563 

—16.563 

901  .985 

26.500 

38.367 

-0.333 

-10.352 

-10.352 

909.185 

26.500 

38.867 

0.0 

0.0 

0.0 

906.385 

25.200 

38.927 

-0.200 

T 

—6.211 

908.585 

25-700 

37.693 

-0.333 

-1  0,352 

-10.352 

910.785 

25.800 

37,890 

0.067 

2.070 

2.070 

912.985 

25.500 

37.900 

-0.200 

-6.21  1 

-6.21 1 

9TS.1S5 

23.300 

39.173 

-1.467 

-45.598 

-95.598 

917.385 

21 .600 

31 .630 

-1.133 

-35.197 

-35.197 

919.585 

22.100 

32.913 

0.333 

10-352 

10.352 

921.785 

23.900 

35.053 

1 .200 

37.267 

37.267 

923.985 

29.900 

35.737 

0.333 

10.352 

10.352 

926.185 

25. 1 OO 

36.813 

0.967 

1 9.993 

19.993 

923-38  5 

25.900 

37.253 

0.200 

6.21  1 

6.2*1 

930.585 

25.100 

36.313 

-0.200 

-6.2  1 1 

-6,211 

932.785 

25.000 

36.667 

-0.067 

-2.071 

-2.071 

939,985 

29.500 

35.933 

-0.333 

-10.352 

-10.352 

937. 155 

29.300 

35.690 

-0.133 

-A . 1 a T 

-9.141 

939.385 

25.000 

36.667 

0.907 

19.993 

19.993 

991.589 

29.600  ' 

36.080 

-0.267 

-8.29 1 

-9.281 

993.789 

29.900 

35.787 

-0.133 

-9.191 

-9.191 

995.989 

25.600 

37.597 

0.800 

29,895 

29.895 

998-139 

23.600 

39.613 

-1 .333 

-9  I .40  8 

-41.908 

950 .389 

18-300 

27.573 

-3.200 

-OQ  . TTO 

952.589 

{ 1 .600 

17.013 

—9.800 

—1  99.068 

-199,068 

959.739 

9.900 

6. 953 

-9.800 

-199.068 

-199.068 

956.989 

0.0 

0.0 

-2.933 

-91  .097 

-91.097 

959.189 

0.9  00 

0-537 

0.267 

8.282 

3.282 

9ol .389 

6.900 

9.387 

9.000 

124.224 

129.224 

963.589 

13.900 

20-387 

5-000 

155.279 

155.279 

965.739 

18.900 

26.987 

3.000 

93.168 

93.168 

967.989 

21 .1 OO 

30.997 

* 1.800 

55.90  I 

55.901 

970.189 

23.300 

39.173 

1 .467 

45.599 

95.549 

972.339 

26.800 

39.307 

2.333 

72  .469 

72.464 

9 79  -58  9 

28.300 

91.507 

1 . 000 

3 1.056 

3 I .056 

976-739 

23  .5  00 

91.800 

0.  133 

9.14  1 

4.141 

978-939 

27.700 

40.627 

-0.533 

-16.563 

-16.563 

08  T • 78a 

27. 1 00 

3Q . TXT 

—0.400 

-12.423 

983.38  9 

26.300 

38.573 

-0.533 

-16.563 

-16.563 

98S.583 

25.900 

3T7.2S3 

-0.600 

-13.639 

-18.639 

987-783 

22.900 

32.853 

-2-000- 

-62.112 

-62.1 12 
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TABLE  A-1  (Cont.) 


EPA 

URBAN  LA— 9 CYCLE 

2.2  sec 

intervals  - 625  RTS 

TT»4e 

VELQCITT 

ACCFt-gRATTON P09CE 

TOPOi  ig 

• SECl 

(MPH> 

tPPS  > 

( l=T/S£C»*2  J 

{L.8SJ 

»8T«LaS) 

939-98  3 

2t  .500 

31.533 

-O .600 

-1  3.633 

-18.633 

992.133 

22  -9  00 

32-853 

0-600 

18.633 

13.633 

904.133 

22.800 

33.990 

0.267 

q . p 9 •> 

9 

996.533 

22.300 

33.990 

0-0 

0.0 

0.0 

998-733 

22.700 

33.293 

-0-067 

-2.071 

-2.071 

1000.933 

29.000 

35-200 

0-867 

26-915 

26.915 

1003.133 

29  .ano 

36.520 

0 .600 

^ 8.611 

1005-333 

25.5  00 

37.900 

0.400 

12.922 

12.422 

1007.583 

25.2  00 

36.960 

-0.200 

-6,2  1 1 

-6.2  1 1 

1 0 09.73  3 

23.800 

39.907 

-0.933 

-28.985 

-28.985 

10  1 1.93 3 

22.900 

33-537 

—0  -600 

-18.639 

-IS. 639 

1019.133 

21.900 

32-120 

-0.667 

-20.709 

-20.709 

1016.383 

19-300 

28.307 

-?-733 

-53.830 

—53.830 

1018.533 

12.200 

17.393 

-9.733 

-196.993 

-146.998 

1020-733 

5.000 

7-333 

—9-300 

-199.068 

-199.068 

1022.98  3 

0.0 

0 .0 

-3.333 

-103.520 

-103.520 

1025.183 

0 .0 

0.0 

0.0 

0 

1027-383 

0.0 

0.0 

0.0 

0.0 

0.0 

1029.583 

0.0 

0-0 

0.0 

0.0 

0.0 

1031 -782 

0.0 

0.0 

0.0 

0.0 

0.0 

1033-982 

0.0 

0.0 

0.0 

0.0 

0.0 

1036-182 

0.0 

0.0 

0.0 

0.0 

0.0 

1038.382 

0.0 

0.0 

0.0 

0.0 

0.0 

1 090-582 

0.0 

0.0 

0.0 

0.0 

0.0 

1092.782 

0.0 

0.0 

0.0 

0.0 

0.0 

1099.982 

0.0 

0.0 

0.0 

0.0 

0.0 

1 097. 182 

0.0 

r>-n 

0.0 

0.0 

0.0 

1099-382 

0.0 

0.0 

0.0 

0.0 

0.0 

1 051  .58  2 

0.0 

0.0 

0.0 

0.0 

0.0 

10  53  - 782 

3.900 

9.987 

2.257 

70.393 

70.393 

loss -98 2 

lO-oOO 

15.597 

9.800 

199.068 

199.068 

1053.132 

17.100 

25.080 

9-333 

139.575 

139.575 

1060-382 

20.700 

30.360 

2.400 

74 .534 

1062.582 

23.600 

39.013 

1 .933 

60.092 

60.092 

1069.782 

25 .900 

37.253 

1.200 

37.267 

37.267 

1 066.982 

26.300 

39.307 

0.933 

23.986 

28.986 

1 069 . 1 S2 

29.000 

91 .067 

0 .80  0 

24.395 

7A - 

1071 -382 

27-800 

90 . 773 

-o.  133 

—4.141 

-9.. 141 

1073-582 

27.000 

39-600 

-0.533 

-16.563 

-16.563 

1075-78 1 

29.900 

36-520 

—1  .900 

-93.978 

—93.978 

1077.981 

21 .300 

31.533 

-2.257 

-70.393 

-70.393 

1080. IHI 

17.900 

25.520 

-2. 733 

-89.386 

-89 .886 

1 082 .38  T 

1 I .800 

17.307 

-3.73  3 

-r 1 S .992 

-1  IS. 942 

1089.581 

10.200 

19.960 

-1 .06  7 

-33.125 

-33.125 

1086.78T 

9-200 

13-993 

-0  -667 

-20.709 

-20.709 

1088.98 1 

8 *o00 

12.613 

-0.900 

-12.422 

-12.422 

1091 .181 

8 .900 

13.053 

0.200 

6.2  1 1 

^-71  I 

1 093.38  I 

a -A  00 

12.320 

-0.333 

-10.352 

-10,352 

1095.58 1 

5.8  00 

8-507 

-1 .733 

-53.830 

-53.830 

1097.731 

2.900 

9-253 

-1.933 

-60.09 1 

-60 .09  1 
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TABLE  A-1  (Cont.) 


EPA 

U98AM  L.A-4  CYC1.E 

2.2  SEC 

INTERVALS  - 625  PTS 

TTwe 

■7E1-QCIT7 

ACCELE9ATTCN FnPCE 

TfOPOUF 

(secj 

(MPM  » 

IFPS> 

(FT/'ScC**2) 

(L3S) 

tFT«L3S> 

I099.9«t 

0.0 

0.0 

-1  -933 

-60.04  1 

-60.041 

I 

0.700 

r-02T 

0.467 

14.493 

14.493 

I 10A.39X 

4.900 

7,137 

2.300 

36.956 

36.956 

110C>.3dt 

11.700 

17.160 

4.533 

140.73  7 

140.787 

1 108.7B1 

14.4  00 

21.120 

1.300 

55.900 

55,900 

11 I0.9S1 

13.1  00 

26.547 

2.467 

76.605 

76.605 

1 1 t3.;«i 

51 .000 

30.300 

1 .933 

.04  1 

60-041 

111S.38I 

21-300 

31.240 

0.200 

6.21  I 

6.211 

iiir.sat 

22-200 

32-560 

0.600 

18.633 

13.633 

11  19.731 

23.600 

34.613 

0-933 

28.936 

23.986 

1 121  .930 

25-000 

36.667 

0.933 

28.985 

28.935 

1 124.130 

24.300 

36.373 

-0.  133 

-4.141 

-4.141 

1 ! 26-330 

25.600 

37.547 

0. 533 

16.563 

16.563 

1 123.S30 

26-200 

38.427 

0.400 

12.422 

12.422 

1130  -730 

26.300 

39-307 

0.400 

12.423 

12.423 

1 132.980 

27.000 

39.600 

0.133 

4.14  1 

4.141 

1135-iaO 

26-900 

39.453 

-0.067 

-5.070 

->4^70 

1137.380 

26.700 

39.160 

-O.  133 

-4.141 

-4.141 

1 139.530 

26-200 

33.427 

-0.333 

-10.352 

-10.352 

1 141-730 

24.600 

36.080 

-1.067 

-33.126 

-33.126 

11*3-980 

21 -500 

31 .533 

-2.067 

-64.182 

-64.182 

1146.13  0 

17.200 

25.227 

-2.867 

-39.027 

-39.027 

T 1 43-38  0 

12.700 

18.627 

-3.000 

-93.163 

-93.163 

I 150.580 

5.400 

7.920 

-4.367 

-151 .133 

-151.133 

1 152-780 

0.2  00 

0.293 

-3.467 

-107.660 

-107.660 

1 154.930 

0.0 

0.0 

-O. 133 

-4. 14  1 

-4.141 

1 157.180 

0.0 

0 -0 

0.0 

o.n 

1159-380 

0.0 

0.0 

0.0 

0.0 

0.0 

I 161 .530 

0.0 

0.0 

0.0 

0.0 

0.0 

1 163-730 

0.0 

0.0 

0.0 

0.0 

0.0 

1165-979 

0.0 

0.0 

0.0 

0.0 

0.0 

1168-179 

0.4  00 

0.537 

0.267 

3-232 

9.292 

1 1 70.379 

6-700 

9.327 

4.200 

130.435 

1 30.A3S 

J 172.579 

14.300 

20.533 

4-367 

151.139 

ISi .139 

1174-779 

20-600 

30.213 

4.400 

136.646 

136.646 

1176-979 

23.500 

34.467 

1.933 

60.04 1 

60.041 

1179-179 

22  -3  00 

32-267 

-1.000 

-31.056 

-31.056 

1 181-379 

15.400 

22.537 

-4. AOO 

—1 36.646 

-1  36.646 

1133-579 

3.100 

1 I .380 

-4.367 

-151 .139 

-151 .139 

1 1 85-779 

0.900 

I .320 

-4,300 

-149,068 

-149.068 

1187-979 

0.0 

0.0 

-0.600 

-13.634 

—18.634 

1190-179 

0.0 

0.0 

0.0 

0.0 

0.0 

1192.379 

0*0 

0.0 

0.0 

0.0 

0 .0 

1 1 94 -579 

3.0 

0.0 

0.0 

0.0 

0.0 

1196-779 

0-200 

0.293 

0.  133 

4.14  1 

4.141 

1193-979 

3-5  00 

5-133 

2.200 

63.323 

63.323 

1201.179 

10.200 

14.960 

4..  A<S7 

133.71 6 

1203-379 

12 .900 

13.920 

1.300 

55.900 

55.900 

1205-579 

12.700 

13.627 

-0.133 

-4.141 

-4.141 

1207-779 

13.1  OO 

19.213 

0.267 

3.292 

8.282 
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TABLE  A-1  (Cont.) 


ePA 

UOSAT*  LA— 8 CYCLE 

2-2  SEC 

INTERY4LS  — 625 

OT5 

TIME 

VEt-nCTT7 

^CCELERATnN 

FHQrc 

mom  fp 

(sec» 

(mpm> 

(FPS> 

(FT7SEC882 1 

(L3S) 

<FT»L3S ) 

1209.979 

IS.50O 

22.733 

1 .600 

89.689 

89.639 

1212.179 

18.800 

27-573 

2.200 

68.323 

68.323 

t ^ 1 4 - *^7R 

21 .200 

t ^ n Q 7 

1.600 

4 Q - .S  R O 

4Q 

1216.573 

21  .8  00 

31 -973 

0.800 

12.823 

12.823 

1218.773 

21.300 

31.280 

-0.333 

-10.352 

— 10,352 

1220.973 

21  .800 

31-973 

0.333 

10.352 

10.352 

12^3-173 

?T .000 

32.1 20 

a - n#>T 

1225.378 

21 .500 

31 .533 

-0.267 

-8.282 

-8.282 

1227.578 

20 .600 

30-213 

-0.600 

-1  8.633 

-13.633 

1229.778 

19.300 

28-307 

-0.867 

-26.915 

-26.915 

1231.978 

19.8  00 

29.080 

0-333 

10.352 

10.352 

123A.-I73 

19.1 00 

28.013 

-0.867 

-I  8.89  3 

—18.893 

1236.378 

18.500 

21 .267 

-3.067 

-95.238 

-05.238 

1238.578 

8.800 

12.907 

-3.800 

118.012 

-1  18.012 

1280.778 

8.800 

6.853 

-2.933 

-91 .097 

-91 .097 

1282.973 

0-700 

1 .027 

-2.467 

-76.605 

—76.605 

!28S.178 

0 .0 

0.0 

—0 . 867 

— T 4 •o.O  T 

-T  4 .40-^ 

1287.378 

0 .o 

0.0 

0.0 

0.0 

0.0 

1289-579 

0.0 

0.0 

0.0 

0.0 

0.0 

1251-778 

o-aoo 

1.173 

0.533 

16.563 

16.563 

1253-973 

1 .ooo 

1 .867 

0.  133 

8.14  1 

4.181 

1256.177 

1 .1  CO 

1 .613 

0-067 

2.070 

2.0  70 

1258.377 

3.800 

8.987 

1.533 

87.51  c, 

87.619 

1260-577 

5.8  00 

7.920 

1.333 

8 t .80  8 

81.408 

1262.777 

9.600 

14.080 

2-800 

86.956 

36.956 

1268-977 

9.500 

13-933 

-0.067 

-2.070 

-2.070 

1267-177 

7.800 

1 1 .880 

1 

8* 

1 

-35.197 

-35. 197 

1269.377 

12  .2  00 

17-893 

2.933 

9 1 .097 

91 .097 

1271  -577 

18.500 

27.133 

8.20  0 

130.835 

130.835 

1273-777 

21.600 

31 .680 

2.06  7 

68.182 

68. 182 

1275-977 

23^00 

33-733 

0-933 

28.985 

23.985 

1278-177 

28.200 

35.893 

0.800 

28-385 

28.885 

1230.377 

28.300 

35,680 

0.067 

■>.076 

>.070 

1282.577 

23.500 

38.867 

-0.533 

-1  6.563 

-16.563 

1238-777 

23-500 

3A.867 

0.0 

0.0 

0.0 

1296-977 

23.500 

38.467 

0.0 

0.0 

0.0 

1289.177 

7<x.200 

35.893 

0 .4^7 

1 4 

T 4 .407 

1291 -377 

28.300 

36.373 

0.800 

12.822 

12.822 

1293-577 

25-500 

37.800 

0-867 

18.893 

18.893 

1295-777 

25.900 

37.987 

0.267 

8.23  1 

8.28  1 

1297-977 

27.000 

39.600 

0.733 

22.774 

22.778 

I300-I77 

28.8  00 

81 .653 

0.933 

28.985 

29.985 

! 307 .376 

’9.1  00 

4;?  .A/aO 

3.467 

1 4-407 

r 4 .407 

1308.576 

26.000 

38.133 

-2.067 

-68.182 

-68.182 

1306-776 

la.aoo 

27-573 

-8.300 

-189.068 

-189.068 

1308-976 

l 1 .500 

16.367 

—8,367 

-151.139 

-151.139 

1311.176 

8 .2  00 

6.7  60 

—4  - .0^7 

— tS  1 . ? 70 

-157.1  50 

1313.376 

0 .o 

0.0 

-2.800 

— ^6  *95  6 

•956 

1315-576 

0-0 

0.0 

0.0 

0.0 

0.0 

1317.776 

0-0 

0.0 

0.0 

0.0 

0.0 
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TABLE  A-1  (Cont.) 


EPA 

URBAN  l.A-4  CYCI.S 

2.2  sec 

INTERVALS  - 625 

RTS 

TTME 

VFLHCTTY^ 

4C<-  = ' FRATION 

FHPrF 

THPOl  fp 

tseo 

1319. 9T6 
1322.176 
132A-376 

<MPM» 

0.0 

0.0 

0.0 

<FPS> 

0.0 

0.0 

0.0 

(FT/SEC*»2 1 
0.0 
0.0 
0.0 

(L3S) 

0.0 

0.0 

0.0 

< FT *1.33  > 
0.0 
0.0 
0.0 

1326.576 

1328.776 

1330.976 

1333.176 

0.0 

0.0 

0.0 

0-0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0-0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1335*376 

1337.576 

1339.776 

0.0 
0.900 
7.4  00 

0.0 

1.320 

10.853 

0.0 

0.600 

4.333 

0.0 

18.634 

134.576 

0.0 

18.634 

134-576 

1341 .976 
1344. 176 
1 346.375 

13.200 
15.400 
19 .800 

19.360 

22.587 

29.040 

3-367 
1 .467 
2.933 

120.033 
45.549 
9 t .007 

120.033 
^S.SaQ 
01  .fJQr 

1348.575 
1350. TT'S 
1352.975 
1355.175 

21 -700 
22.300 
21.600 
20.4  00 

31- 827 

32- 707 
31.680 
29.920 

1.267 

0.400 

-0.467 

-0.800 

39-337 

12.422 

-14.493 

—2  4.845 

39.337 

12.422 

—14.493 

—24.845 

1357.375 
1359.575 
1361  . 7^*5 

19.200 

16.900 

14.300 

28 . 1 60 
24.787 
20.973 

-0.800 
-1.533 
-1 .733 

-24.845 
-47.61  9 
-53.830 

-24.845 

-47.619 

-53.830 

1363.975 

1366.175 

1368.375 

8.000 

2.000 

0.0 

11-733 

2-933 

0.0 

-4.200 
-4.000 
-!  . 333 

130.434 
124.224 
-4  1 .408 

-130.434 
-124.224 
—41 .408 

13  70.575 
1372.775 
1374.975 
1 377.175 

0.0 
0.0 
0.0 
0 .0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 
0.0 
0.0 
0 .0 

1379.375 

1381.575 

1383.775 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0-0 

0.0 

0.0 

0.0 

0.0 

0 .o 
9.0 
0.0 

ENO  QF  04 T4 
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TABLE  A- 2 


EPA  HIGHWAY  FUEL  ECONOMY  CYCLE 


TABLE  A- 2 


HEIGHT  =•  lOOO.OOuaS 

WMEEl.  RADIUS  = l.OO  FT 

EPa'RTShkay  fuej_  EcaN«0'MV~CYCi;E'  <3S5  pts)  — 


TIME 

VEU3CITY 

ACELE9AT13S 

FORCE 

TORQUE 

TsECT 

IHPMJ 

(i^T7S£C4»2> 

(FT*l^S) 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.000 

0.0 

0.0 

0.0 

0.0 

0.0 

A.OOO 

6.900 

7.137 

3.593 

1 1 1 .594 

111 .594 

6.000 

1 1.300 

16.573 

4.693 

145.755 

14^. 73b 

3.000 

17.300 

25.373 

4.400 

136.646 

136.646 

10.000 

21.300 

31.973 

3-300 

102.485 

102.485 

12.000 

25.300 

37.340 

2.933 

91 .097 

91  .097 

>6.000 

23.000 

41 .067 

1 .613 

50.104 

50.104 

16.000 

30.000 

46.000 

1 .467 

45.549 

45.549 

13.000 

31.300 

46.200 

1.100 

34.161 

34.161 

20.000 

32 .900 

43.253 

1.027 

31.884 

31  .884 

22.000 

36.100 

50.013 

0.880 

27.330 

27.330 

2A.OOO 

36.900 

51.187 

0.58  7 

18.219 

18.219 

26.000 

35.700 

52.360 

0.537 

18.220 

18.220 

23.000 

35.300 

52.507 

0,073 

2.273 

2.278 

30.000 

36.900 

51.187 

-0.660 

-20.497 

-20.497 

32.000 

36.600 

50.747 

-0.220 

-6.832 

-6.832 

36.000 

35.1 00 

51 .480 

0.367 

I 1.387 

1 1 .387 

36.000 

36.100 

52.947 

0.733 

22.774 

22.774 

38.000 

36.500 

53.533 

0.293 

9.110 

9.110 

40.000 

36.900 

56.120 

0-293 

9.110 

9.1  to 

42.000 

37.000 

56.267 

0.073 

2.278 

2.278 

66.000 

37.000 

56.267 

0.0 

0.0 

0.0 

46.000 

37.606 

5A.i67 

d.d 

6.0 

43.000 

37.300 

56.707 

0.220 

6.332 

6.832 

SO.OOO 

38.600 

56.613 

0.953 

29.607 

29.607 

52.000 

40.000 

53.667 

1 . 027 

31  .884 

31.884 

S6.000 

61  .600 

60.720 

1-027 

31  .884 

31 .884 

56.000 

42.900 

62.920 

1.100 

34.161 

34.161 

53.000 

66.000 

66.533 

0.307 

25.052 

25.052 

60.000 

46.500 

65.267 

0.367 

1 1.387 

1 1 .387 

62.000 

46.900 

65.853 

0.293 

9.  I I 0 

9.1  10 

66.000 

45.100 

66.147 

0.147 

4.555 

4.555 

6O.000 

4b. 700 

57TTJ27 

0.a4o 

I 3.064 

13.6o4 

63.000 

46.300 

67.907 

0.440 

13.665 

13.665 

70.000 

66.300 

63.640 

0.367 

1 1 .387 

11.387 

72.000 

47.000 

68.933 

O.  147 

4.555 

4.555 

74.000 

S7T2TJO 

69.227 

0.147 

4.363 

4.336 

76.000 

47.200 

69.227 

0.0 

0 .0 

0.0 

73.000 

47.000 

68.933 

-0. 147 

-4.555 

-4.555 

30.000 

46.900 

63.787 

-0.073 

-2.277 

-2.277 

32.000 

47.000 

68.933 

0.  073 

2.277 

2.277 

34.000 

47.100 

69.030 

0.073 

2.278 

2.273 

^6.000 

47V1'00 

59.0 ad 

0 .0 

0*0 

33.000 

46.900 

68.787 

-O.  147 

-4.555 

-4.555 

90.000 

46.300 

67,907 

—0.440 

-1  3.664 

-13.664 

92.000 

46.300 

67.907 

0.0 

0.0 

0.0 

93.OO0 

46.900 

68-787 

0.4-40 

13 .604 

13.604 

96.000 

47.400 

69.520 

0,367 

1 1.387 

11.387 

93.000 

43.000 

70.400 

0.440 

13.665 

13.665 
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TABLE  A-2  (Cont.) 


highway  fuel. 

ecoNOHv  CYCi-e 

C383  Ptsi 

TTMH 

veUDCITY 

ACELERATION 

POPCE 

TORQUE 

rseo — 

( > 

TFPS3 

TPT7ScC^Tf2T 

11.83) 

n=T«ca'si 

100.000 

48.500 

71.133 

0.367 

1 1 .387 

1 1 .387 

1 02.000 

49.100 

72.013 

0.440 

1 3.665 

13.665 

I 04^.000 

49.100 

72.013 

0.0 

0.0 

0.0 

1 Ob.OoO 

49.0  00 

nrasT 

— J . 0 7 J 

-2 .277 

=27277 

I oa.ooo 

49.100 

72.013 

0.073 

2.277 

2.277 

1 10.000 

49.300 

72.307 

0.147 

4.555 

4.555 

1 12.000 

49.SOO 

72.600 

0.147 

4.555 

4.555 

I 14.000 

X9~.5'06 

72 .600 

iTTS 

O 

• 

o 

0.0 

1 16.000 

49.100 

72.013 

-0.293 

-9.1 10 

-9.1 10 

1 la.ooo 

48.600 

71 .230 

-0.367 

-1  1.387 

-1  1.387 

120.000 

48.1 OO 

70  .547 

-0.367 

-11.387 

-11.387 

122.000 

47.400 

69.520 

-0.513 

-15.942 

-15.942 

124.000 

47.500 

69.667 

0.073 

2.278 

2.278 

126.OO0 

«7V9'00 

70 .2b J 

0.293 

9.110 

9.1)0 

123.000 

47.900 

70.253 

0.0 

0.0 

0.0 

130.000 

47.900 

70.253 

0.0 

0.0 

0.0 

132.000 

48.000 

70.400 

0.073 

2.273 

2.278 

I 

5T7?TUa 

ro;253 

=^JTir73 

=<rT2TS 

=2.278 

136.000 

46.000 

67.467 

-1 .393 

-43.271 

-43.271 

138.000 

41.200 

60 .427 

-3.520 

-109.317 

-109.317 

140.000 

39.200 

57.493 

-1.467 

-45.549 

-45.549 

142.000 

39.000 

57.200 

-0. 147 

-4.555 

-4  .555 

144.000 

39.500 

57.933 

0.367 

1 1.387 

1 1 .387 

1 46.000 

4 1 .000 

50TT33 

rmro 

34.101 

J4«161 

148.000 

43.100 

63.213 

1 .540 

47.826 

47.826 

ISO.OOO 

44.100 

64.680 

0.733 

22.774 

22.774 

152.000 

44.400 

65.120 

0.220 

6.832 

6.832 

1 64.00  U 

44T/00 

06.300 

0.22U 

6 .33^ 

156.000 

45.200 

66.293 

0.367 

1 1 .387 

11.387 

isa.ooo 

45.900 

67.320 

0.513 

15.942 

15.942 

160.000 

46.800 

68.640 

0.660 

20.497 

20.497 

162.000 

47.000 

68.933 

0.  147 

4.555 

4.555 

164.000 

47.600 

69.313 

0.440 

13.665 

13.665 

rSSTTOTJ 

4H  .U  JU 

nrTTCTo 

9V293 

S 1 

9 TITO 

1 68.000 

47.900 

70.253 

-0.073 

-2.278 

-2.273 

170.000 

47.300 

69.373 

-13.664 

-13.664 

172.000 

46.200 

67.760 

-0.30  7 

-25.052 

-25.052 

1 /’4.UUJ 

' "45. /OU 

6/  mUii  r 

—LI . 7 

— nr.Tjav  ■ ■ ■ 

176.000 

45.4  00 

66.537 

-0.220 

-6.833 

-6.833 

178.000 

45.000 

66.000 

-0.293 

-9.110 

-9.110 

lao.ooo 

43.100 

63.213 

-1 .393 

-43.271 

-43.27r 

182.000 

41  .500 

60.867 

-1. 173 

-36.439 

-36.439 

134.000 

42.100 

61.747 

0.440 

13.665 

13.665 

J 36. UU  U 

43.3UU 

53THTJT3 

1 » / 

1 

J) .004 

laa.ooo 

43.600 

63.947 

0.073 

2.273 

2.278 

190.000 

43.000 

63.067 

—0.440 

-13.665 

-13.665 

192.000 

43.400 

63 .653 

0.293 

9.110 

9.110 

I 94.0UIJ 

44  .300 

64. 9 /"J 

0.660 

20VT97 

20 .49  7 

196.000 

44.900 

65.353 

0.440 

13.664 

13.664 

198.000 

44.400 

65. 120 

-0.367 

-1  I .38  7 

-1  1 .387 
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TABLE  A-2  (Cont . ) 


^pa“3Tghwav-vtjei:-ecdnomv  cycle  oas  pts> 


TiyE 

veuoci-nr 

ACELE9AT10N 

FORCE 

TORQUE 

rSEcT 

{MPh> 

c»=T/sec*«2) 

(PT«U3S i 

ZOO.OOO 

43.400 

63.653 

-0.733 

-22.774 

-22.774 

202.000 

43.200 

63.360 

-0.147 

-4.555 

—4.555 

204.000 

43.000 

63.067 

-0.147 

—4.555 

-4.555 

206.000 

43.l(bO 

63.213 

0.073 

2.278 

2.278 

208.000 

43.900 

64.387 

0.587 

18.219 

18.219 

210.000 

43.SOO 

63.800 

-0.293 

-9.x 10 

-9.110 

212.000 

41 .500 

60 .367 

-1.46  7 

-45.540 

-45.540 

214 .OOO 

40.000 

58.667 

-1.100 

-34.161 

—34 .161 

216.000 

40.300 

59.107 

0.220 

6.832 

6.832 

218.000 

42.000 

61 .600 

I .24  7 

38.716 

38.716 

220.000 

43.1 OO 

63.213 

0.80  7 

25.052 

25.052 

222.000 

43.400 

63.653 

0.220 

6.332 

6.332 

224.000 

44.300 

64.973 

0.660 

20  •4.Q7 

20.497 

226.000 

4S.I OO 

66.147 

0.587 

18.220 

18.220 

228.000 

45 .800 

67.173 

0.513 

15.942 

15.942 

230.000 

46.900 

68.787 

0.807 

25.052 

25.052 

232.000 

47.400 

69.520 

0.367 

1 1 .387 

1 1 .387 

234.000 

47.300 

69.373 

-0.073 

-2.277 

-2.277 

236.000 

47.200 

69.227 

-0.073 

-2.277 

-2.277 

238.000 

47.100 

69.080 

-0.073 

-2.277 

-2.277 

240.000 

47.000 

68.933 

-0.073 

-2  .278 

-2.278 

242.000 

46.800 

68.640 

-0.147 

-4.555 

-4.555 

244.000 

47.000 

68.933 

0.  147 

4.555 

4.555 

246.000 

47.500 

69.667 

0.367 

1 1 .387 

11.387 

248.000 

48.000 

70.400 

0.367 

1 1 .387 

1 1.387 

2S0.000 

48.000 

70-400 

0.0 

0.0 

0.0 

252.000 

48.000 

70.400 

0.0 

0 .0 

0.0 

254. OOH 

48.266 

70.693 

d.  14? 

4 .555 

4.55i 

256.000 

48.100 

70.547 

-0.073 

-2.277 

-2.277 

258.000 

48.900 

71-720 

0.587 

13.219 

13.219 

260.000 

49.100 

72.013 

0.147 

4.555 

4.555 

262.000 

49.1 OO 

72.013 

0.0 

0.0 

0.0 

264.000 

49.000 

71  .867 

-0.073 

-2.277 

-2.277 

48.200 

70  .093 

— O • od  7 

-13.220 

-18.220 

268.000 

47.500 

69-667 

-0.513 

-15.942 

-15.942 

270.000 

46.700 

68.493 

-0.587 

-18.220 

-18.220 

272.000 

46.000 

67.467 

-0.513 

-15.942 

-15.942 

274.000 

45 .600 

66.860 

— O. 293 

—9.1 10 

-9.i 10 

276.000 

45.200 

66.293 

-0.293 

-9.110 

-9.110 

278.000 

44.700 

65.560 

-0.367 

-1  1 .387 

-11.387 

' 280.000 

44.200 

64.827 

-0.367 

-1  1.387 

-1  1 .387 

282.000 

42.800 

62.773 

-1 . 027 

-31.884 

-31 .884 

284.000 

40.100 

58.813 

-1.980 

-6 1 .49 1 

-61 .491 

286.000 

37T5'00 

SST3OT 

-1.907 

—59  .2  14 

-69 . 2 1 4 

288.000 

34.700 

50.893 

-2.053 

-63.763 

-63.768 

290.000 

33.300 

48.840 

-I  .027 

-3  1 .884 

-31 .884 

292.000 

31 .700 

46.493 

-1.173 

-36.439 

-36.439 

2"54_00  0 

29.500 

A3.A13 

=rT3aro 

—4  r.826 

7 

296.000 

28.400 

41 .653 

-o.aeo 

-27.329 

-27.329 

298.000 

29.500 

43.267 

0.80  7 

25.052 

25.052 
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TABLE  A-2  (Cont.) 


EPM 

HIGHWAY  FUeU 

eODNOMY  CYC1.E 

(383  PTSl 

TIME 

veUJCITY 

ACELESATIOM 

FORCE 

TORQUE 

rsECT — 

rF5*5T 

(FT/SEt4»2 ) 

300.000 

33.400 

48.987 

2.360 

88.320 

88.820 

302.000 

37.500 

55.000 

3.007 

93.375 

93  .375 

304.000 

40.200 

58.960 

1.980 

61 .49  1 

61  .491 

ro6':ooo~ 

4'kTao'a 

61  .307 

ITT73 

36-434 

36 .439 

308.000 

42.300 

62.773 

0.733 

22-774 

22  -774 

310.000 

43.800 

64.240 

0.733 

22.774 

22.774 

312.000 

44.700 

65.560 

0.660 

20.497 

20.497 

314.OO0 

45.200 

66.243 

0T367 

1 1.357 

1 1 .337 

316.000 

45.500 

66.733 

0.220 

6.332 

6.832 

318.000 

46.000 

67.467 

0.367 

I 1.387 

1 1 .387 

320.000 

46.500 

68.200 

0-367 

I 1 .387 

11.387 

322.000 

47. too 

69.080 

13.665 

13.665 

324.000 

48.300 

70.840 

o.aao 

27.329 

27.329 

3’2S'.'000“ 

49T7'0«3 

72.893 

1.327 

2 1 .dd4 

31 .384 

328.000 

51.000 

74.300 

0.953 

29.60  7 

29.607 

330.000 

52 .400 

76.853 

1.027 

31.884 

31 .884 

332.000 

53.300 

78-907 

1.027 

31  .884 

31 .884 

334T60"0 

50 .200 

30.960 

1-027 

31  .3S4. 

3l .884 

336.000 

56.400 

82-720 

o.aeo 

27.329 

27.329 

338.000 

57.000 

83.600 

0.440 

13.665 

13.665 

340.000 

57.300 

84.040 

0.220 

6.833 

6.833 

342.000 

57.800 

84-773 

0.367 

1 1 .387 

11.387 

344.000 

58.100 

85.213 

0.220 

6.832 

6.832 

34'5^0'0'0 

S’STTOTJ 

86.093 

T3TH53 

348.000 

58.900 

86.387 

0-  147 

4.555 

4. 555 

350.000 

59.000 

36.533 

0-073 

2.277 

2.277 

352.000 

58.800 

86.240 

-O. 147 

-4.555 

-4 .555 

3S4.000 

ba.4  ao 

85.053 

-9.1 10 

=yrTT3 

356.000 

58.100 

85.213 

-0.220 

-6.832 

-6.832 

358.000 

57.900 

84.920 

-O.  147 

-4.555 

-4.555 

360.000 

57.400 

84-197 

-0.367 

-1  I .387 

-1 1 .387 

362.000 

57.100 

83-747 

-0.220 

-6.832 

-6.832 

364.000 

57.000 

83.600 

-0.073 

-2.278 

-2.278 

56.9  OO 

83-453 

=0V3  / 3 

=2T37T 

=27277 

368.000 

57.000 

83.600 

0.073 

2.277 

2.277 

370.000 

57.000 

83.600 

0.0 

0.0 

0.0 

372.000 

57.000 

83.600 

0.0 

0 .o 

0.0 

374VOOO 

57TJKRJ 

.oOO 

u.o 

0.0 

376.000 

57.000 

83.600 

0.0 

0.0 

0.0 

373.000 

56.800 

83-307 

-O. 147 

-4.555 

-4.555 

380.000 

56.200 

82.427 

--0*  AAO 

-13.665 

-13.665 

382.000 

56.000 

82.133 

-0.  147 

-4.555 

-4.555 

384.000 

56.100 

82-230 

0.073 

2-273 

2.278 

3'U6'.UUIJ 

56. ^UU 

83.160 

U . 44U 

1 

13.604 

388.000 

57.1 OO 

83-747 

0.293 

9.110 

9.1  10 

390.000 

57.400 

84-137 

0.220 

6.332 

6.832 

392.000 

57.2  00 

83.893 

-O. 147 

-4.555 

-4.355 

JV4.UUU 

55T7TTO 

H3.453' 

— =arz20 

— 6-H32 

— o 

396.000 

56.300 

82.573 

—0.440 

-1  3.664 

-13.664 

398.000 

56.400 

82.720 

0.073 

2.277 

2.277 
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TABLE  A-2  (Cont.) 


EPA  H IGHWiTHPOE!!  CCDKOMy  'CyCLE  TSSa  'ATSJ 


TIME 

VEUXIITV 

4CELE9ATION 

FO»CE 

torque 

( SEO 

{MP«> 

<FPS) 

{FT/'SEC»42> 

<l_3S> 

tFT*l.eS) 

«oo.ooo 

57.100 

83.747 

0.513 

15.942 

15.942 

*02.000 

57.800 

84.773 

0.513 

IS.94Z 

15.942 

40A.OOO 

58.000 

as. 067 

0.  147 

4.555 

4.555 

*i36T0a0 

58.000 

85.067 

0.0 

0.0 

0.0 

408.000 

58.000 

85.067 

0.0 

0.0 

0.0 

410.000 

57.300 

84.773 

-0.147 

-4  .555 

-4.555 

412.000 

57.700 

84.627 

-0.073 

-2.277 

-Z.Z7-T 

414.000 

57.903 

84.920 

O.  147 

4,556 

4. 555 

410.000 

58.100 

85.213 

0.  147 

4.S55 

4.555 

413.000 

53.900 

36.387 

0.587 

18.219 

18.219 

420.000 

59.400 

87,120 

0.367 

11.387 

1 1 .387 

422.000 

59.900 

87.853 

0.367 

1 1 .387 

1 1 .387 

424.000 

59.800 

87.707 

-0.073 

-2.277 

-2.277 

426.000 

59.400 

37.120 

-0.203 

-<i.i  lO 

-9.1 10 

428.000 

59.100 

86.680 

-0.220 

-6.832 

-6.832 

430.000 

58.900 

86.387 

-0. 147 

-4.555 

-4.555 

432.000 

58.600 

85.947 

-0.220 

-6.832 

-6.832 

434.000 

53.430 

as -653 

-0. 1*7 

-4.555 

-4.555 

436.000 

58.300 

85.507 

-0.073 

-2.277 

-2.277 

438.000 

58.100 

85.213 

-0.147 

-4.555 

-4.555 

440.000 

57.900 

84.920 

-O. 147 

-4.555 

-4.555 

442.000 

57.900 

84.920 

0.0 

0.0 

0.0 

4A4«000 

57.900 

84.920 

0.0 

0 .o 

0.0 

446.00 0 

S3. 1 UU 

85.2 1 3 

9 • 1 4 ^ 

i'.Sb'b 

4.bbb 

448.000 

58.200 

85.360 

0.073 

2.277 

2.277 

4SO.OOO 

58.200 

85.360 

0.0 

0.0 

0.0 

4S2.0OO 

58.000 

85.067 

-0. 147 

-4.555 

-4.555 

4t>4.odD 

58.OO0 

Bb.06/ 

o.O 

(J«U 

4S6.000 

58.000 

85.067 

0.0 

0.0 

0.0 

4S3.000 

57.900 

34.920 

-0.073 

-2.279 

-2  .278 

460.000 

58.000 

85.067 

0.073 

2.278 

2.278 

462.00  0 

53.100 

85.213 

0.073 

2.277 

2.277 

464.000 

58.300 

85.507 

0.147 

4.555 

4.555 

466.000 

5HT3TTO 

357307 

9.0 

3.9 

468.000 

58.1  OO 

85.213 

-0.147 

-4.555 

-4.555 

4TO.OOO 

57.800 

84.773 

-0.220 

-6.832 

-6.832 

472.000 

57.100 

83.747 

-0.513 

-15.942 

-15.942 

474.030 

50.6UU 

• U I ^ 

-1  I .58  / 

-1  1 9.357 

476.000 

56.000 

32.133 

—0.440 

-1 3.665 

-13.665 

478.000 

5S.SOO 

31 .400 

-0.367 

-1  1 .387 

-11.387 

480.000 

55.100 

80.313 

-0.293 

-9.110 

-9.1  10 

482.000 

54.900 

30.520 

-O. 147 

-4.555 

-4.555 

484.000 

54.900 

80.520 

0.0 

0.0 

0.0 

54.9UCJ 

SD752TJ 

3.0 

0 • J 

488.000 

55.000 

80.667 

0.073 

2.278 

2.278 

490.000 

55.000 

80.667 

0.0 

0.0 

0.0 

492.000 

55.000 

80.667 

0.0 

0.0 

0.0 

474.000 

55.1 OO 

5573T3 

0.073 

T7ST7 

2.277 

496.000 

55.0  00 

80.667 

-0.073 

-2.277 

-2  .277 

498.000 

54.900 

80.520 

-0.073 

-2.278 

-2.278 
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TABLE  A- 2 (Cont.) 


MIGH6AT  RJEl. 

eccNOMY  cYca-£ 

(383  PTSl 

TIME 

VEU3CTTY 

ACELER4TI0M 

FORCE 

TORQUE 

13ECT 

CMPHl 

CFPS  1 

'rPT7SeCV55"i 

(L35J 

TFTiCan 

soo.ooo 

54.700 

80.227 

-O.  147 

-4.555 

-4.355 

502.000 

34.400 

79.737 

-0.220 

-6.832 

-6.332 

so«.ooo 

54.300 

79.640 

-0.073 

-2.277 

-2 .277 

5'06.0Q15 

54..10O 

79.347 

-O.  i4> 

—4  .555 

^.555  ■ 

508.000 

54.100 

79.347 

0.0 

0.0 

0.0 

SIO.OOO 

54.000 

79.200 

-0.073 

-2  .273 

-2.273 

512.000 

54.000 

79.200 

0.0 

0-0 

0.0 

5 k 4. 00  0 

54.000 

79.200  " 

d.(3 

d .d 

0.0 

516.000 

54.000 

79.200 

0.0 

0.0 

0.0 

5 18.000 

54.200 

79.493 

0.  147 

4.555 

4.555 

520.000 

54.800 

80.373 

0.440 

13.665 

13.665 

522.000 

55.000 

80.667 

0.147 

4.555 

4.555 

524.000 

55.200 

80.960 

0.  147 

4.555 

4.555 

526.000 

55.300 

81.107 

o.dta 

2.273 

2.2/8 

528.000 

35.500 

31 .400 

0.  147 

4.555 

4.555 

530.000 

55.700 

81 .693 

O.  147 

4.555 

4-555 

532.000 

55.900 

81.987 

0.  147 

4.555 

4.555 

5'34.00’a 

b&.OOO 

82.133 

0.073 

2.573 

2TZ73 

536.000 

56.000 

82.133 

0.0 

0.0 

0.0 

538.000 

56.000 

82.133 

0.0 

0.0 

0.0 

540.000 

56.000 

82.133 

0.0 

0.0 

0.0 

542.000 

56.0  00 

82.133 

0.0 

0.0 

0.0 

544.000 

56.000 

82.133 

0.0 

0.0 

0.0 

540.000 

56.OO0 

32VT33 

0*0 

548.000 

55.900 

31.987 

-0.073 

-2-278 

-2-279 

550.000 

55.800 

81 .840 

-0.073 

-2.277 

-2.277 

552.000 

55.400 

8> .253 

-0.293 

—9.110 

-9.110 

554. OOU 

dU  ^ 

-0.220 

=6TaT2 

556.000 

54.900 

80.520 

-0. 147 

-4.S55 

-4.555 

558.000 

54.400 

79.737 

-0.367 

-1  1.387 

-1 1 .387 

560.000 

54.100 

79-347 

-0.220 

-6.832 

-6.832 

562.000 

53.4  00 

78-320 

-0.513 

-15.942 

-15.942 

564.000 

53.100 

77-380 

-0.220 

-6.832 

-6.632 

566. UOO 

/ (’V J 4 t 

— O.  36  <' 

-1  1 .387 

-1 1 .38 / ■ ■ 

568.000 

52.200 

76-560 

-0.293 

-9.110 

-9. 1 10 

570.00  0 

52.000 

76.267 

-0. 147 

—4.555 

-4.555 

572.000 

52.000 

76.267 

0.0 

0.0 

0.0 

b /4.UOO 

53TT0TJ 

<'6-4  13 

(].0<'3 

2T37B 

2.2  78 

576.000 

52.000 

76.267 

-O. 073 

-2.278 

-2.278 

573.000 

51  .600 

75-630 

-0.293 

-9.1 10 

-9.110 

580.000 

51.100 

74 . 94  7 

-0.367 

-1  1 .38  7 

-1  1 .387 

582.000 

SO .300 

73-773 

-0.537 

-18.220 

-13.220 

584.000 

49 .300 

72.307 

-O.  733 

-22.774 

-22.774 

586.000 

4H.T200 

<’0.893 

—0.80/  ' 

“=25TTJS2 

-25.052 

588.000 

48.000 

70-400 

-O. 147 

-4.555 

-4.555 

590.000 

48.1 OO 

70.547 

0.073 

2.277 

2.277 

592.000 

43.900 

71.720 

0-587 

18.219 

18.219 

5W«*  .UOO 

49“IUU 

V2.U13 

LJ  . 14  <’ 

4,bbb  " 

* 

596.000 

49.0  00 

71  .867 

-0.073 

-2.277 

-2.277 

598.000 

48.900 

71 .720 

-0.073 

-2  .278 

-2 .273 
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TABLE  A- 2 (Cont.) 


'Ei*jrTTrawirr-njEU~EGr®jav‘"CYn:E~r3S3'T*TT^ 


Tif«e 

VELCXriTY 

ACELERATION 

FORCE 

TORQUE 

(SECV 

<14  PM) 

<FPS) 

(FT/SEC442 ) 

(i1bs> 

lFT»l_3Sl 

600.000 

48.300 

70.840 

-0.440 

-13.664 

-13.664 

602.000 

47.900 

70.253 

-0.293 

-9.110 

-9.110 

604.000 

47.700 

69.960 

-0-147 

-4.555 

-4.555 

606.000 

4A.30O 

797949 

0.A4O 

1 3.66s 

I 3 .665 

608.000 

49.100 

72.013 

0.587 

13.219 

18.219 

610.000 

48.900 

71 .720 

-O.  147 

-4.555 

-4.555 

612.000 

47.1 00 

69.080 

-1.320 

-40 .993 

-40.663 

614.000 

46.1 OO 

67.613 

"=?2Tm 

-22.774 

616.000 

46.200 

67.760 

0.073 

2.277 

2.277 

613.000 

47.800 

70.107 

1.173 

36.439 

36.439 

620.000 

49.700 

72.39  3 

1.393 

43.271 

43.271 

622.000 

SI  .5  00 

75.533 

1.320 

40.994 

40.994 

624.000 

52.700 

77-293 

0.880 

27.329 

27.329 

626.009 

53.600 

78.613 

0.660 

20.49> 

24 .497 

623.000 

54.100 

79.347 

0.367 

1 1 .387 

1 1 .387 

630.000 

54.700 

30.227 

13.664 

13.664 

632.000 

55.400 

81  .253 

0.513 

15-942 

15.942 

&24.099 

S5.999 

30.667 

-0.293 

-9.110 

-9. ) i4 

636.000 

53.600 

73.613 

-1.027 

-31 .334 

-31.884 

633.000 

50.200 

73.627 

-2.493 

-77.433 

-77.433 

640.000 

46.500 

63.200 

-2.713 

-34.265 

-84.265 

643.000 

46.000 

67.467 

-0.367 

-1  1 .33  7 

-1 1 .387 

644.000 

46.300 

67.907 

0.220 

6.332 

6.332 

646.000 

47.SOO 

597557 

0.830 

27.329 

27.329 

643.000 

43.300 

71  .573 

0.953 

29.607 

29.607 

630.000 

50.200 

73-627 

1 . 027 

31  .384 

31 .384 

652.000 

51.100 

74-947 

0.660 

20.497 

20.497 

634.000 

52  .204 

757559 

4.307 

25T052 

25T452 

656.000 

52.1  OO 

76  .A  13 

—0. 073 

-2.277 

-2.277 

653.000 

51 .lOO 

74-947 

-0.733 

-22.774 

-22 . 774 

660.000 

51 .OOO 

74-800 

-0.073 

-2.277 

-2.277 

662.000 

51.400 

75.337 

0.293 

9.110 

9.110 

664.000 

52.000 

76.267 

0 • 4A  0 

1 3.665 

13.665 

606. OOO 

52.000 

77-400 

0.367 

I J -337 

1 1 *.3^  ^ 

663.000 

52.700 

77-293 

0.147 

4.555 

4.555 

670.000 

52.300 

76-707 

-0.293 

-9-1 1 0 

-9.110 

672.000 

52 .400 

76.353 

0.073 

2.277 

2.277 

6 74.099 

557799 

77.293 

0.220 

J w 

676.000 

52.400 

76.853 

-0.220 

-6.333 

-6.833 

678.000 

51.700 

75-827 

-0.513 

-15.942 

-15.942 

630.000 

50.500 

74.067 

-0.880 

-27.329 

-27.329 

632.000 

49.300 

73-040 

-0.51 3 

-15.942 

-15.942 

684.000 

49.600 

72.747 

-0.147 

-4.555 

-4.555 

636.000 

49.500 

72.644 

-0.073 

-2.277 

-2.277 

638.000 

50.000 

73.333 

0.367 

1 1 .337 

1 1 .387 

690.000 

50.600 

74.213 

0.44  0 

13.665 

13.665 

692.000 

51  .600 

75.680 

0.733 

22.774 

22.774 

694.000 

52.940 

76.267 

0.293 

9.1)6 

9.114 

696.000 

52.400 

76-853 

0-293 

9.110 

9.1  10 

698.000 

53.300 

78-173 

0.660 

20.49  7 

20.497 
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TABLE  A-2  (Cont.) 


EPA 

H IGHWAY  FUEl. 

ECONOMY  CYCLE 

<383  PTSI 

TIME 

veUJClTY 

4CELERAT10N 

FORCE 

TORQUE 

rscO — 

4MPH  ) 

<FPS) 

< r75EC**2  ) 

<Lj5S} 

TFT3ECS1ST 

700.000 

54.200 

79.493 

0.660 

20.497 

20.497 

702.000 

54.800 

80.373 

0.440 

13.665 

13.665 

70A.OOO 

55  .500 

31 .400 

0.513 

15.942 

15.942 

70"6Tdb(3 

s&.i ta 

32.2  36 

0.440 

13.663 

13.603 

708.000 

56.400 

82-720 

0.220 

6.832 

6.832 

710.000 

56.700 

33.160 

0.220 

6.832 

6.332 

7J2.000 

57.000 

83.600 

0.220 

6.832 

6.832 

714.000 

5>.700 

54.^27 

6.5l3 

J 5.942 

15.942 

710.000 

58.800 

86.240 

0.307 

25.052 

25.052 

718.000 

59.200 

86.327 

0-293 

9.110 

9.110 

720.000 

58.800 

86.240 

-6.293 

-9.1 1 0 

-9.110 

722.000 

sa.ioo 

35.213 

-0.513 

-15.942 

-15.942 

724.000 

57.300 

84.040 

-0-587 

-13.219 

-18.219 

720.00  O 

83.307 

-0.367 

-1  1 .38  7 

-1  1 .387 

728.000 

56.2  00 

32.427 

-13.665 

-13.665 

730.000 

54.600 

30.030 

-1 . 173 

-36.439 

-36.439 

732.000 

53.700 

78.760 

-0.660 

-20.497 

-20.497 

734.0075 

SSTTCO 

77-537 

=6T337 

-18.220 

— Id .22Q 

736.000 

52 .000 

76-267 

-0.660 

-20 -497 

-20.497 

738.000 

50.500 

74.067 

-1.  100 

-34.161 

-34.161 

740.000 

48.500 

71-133 

-1  .467 

-45.549 

-45 .549 

742.000 

46.8  00 

68.640 

-1  .247 

-38.716 

-38.716 

744.000 

44 .200 

64.327 

-1  .907 

-59.213 

-59.213 

746.00  0 

30.200 

5TZ49'J 

-3.667 

— 1 1 J.672 

— H 13.872 

748.000 

32.600 

47-813 

-4.840 

— 1 50.310 

-150.310 

750.000 

26.800 

39-307 

-4.253 

-132.091 

-132.091 

752.000 

21  .500 

31.533 

-3.887 

-120-704 

-120.704 

754.000 

1 7*<400 

25.320 

=3'V007 

■“-^37375 

=737375 

756.000 

12.400 

18.187 

-3.667 

-1 1 3.872 

-113.872 

758.000 

7.000 

10.267 

-3.960 

-122.98 1 

-122.981 

760.000 

3.300 

4.840 

-2-713 

-84.265 

-84.265 

762.000 

0.700 

1.027 

-1.907 

-59.213 

-59.213 

764.000 

0.0 

0.0 

-0.513 

-15.942 

-15.942 

766  . UU  O 

0 *0 

0*0 

J mO 

3*3 

768.000 

0.0 

0.0 

0.0 

0.0 

0.0 

770.000 

0.0 

0.0 

0.0 

0.0 

0.0 

772.000 

0.0 

0.0 

0.0 

0.0 

0.0 

7 74.00  0 

U •<! 

' 0*0 

0 • J 

3*3 

776.000 

0.0 

0.0 

0.0 

0.0 

0.0 

778.000 

0.0 

0.0 

0.0 

0.0 

0.0 
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APPENDIX  B 


THE  GENERAL  MOTORS  TIRE  PERFORMANCE  CRITERIA 
BREAK-IN  PROCEDURE 

The  General  Motors  TPC  specifications  include  the  details  of  the 
break-in  schedule  that  is  to  be  used  in  preconditioning  new  tires.  This 
procedure  has  gained  widespread  acceptance  in  the  tire  industry  and  is 
commonly  used  in  test  work. 

TIRF  procedures  are  not  identical  to  those  used  on  the  GM  continuous, 
running-belt  machine  because  of  basic  differences  between  the  two  facilities. 

In  the  case  of  the  break-in  procedure,  the  sole  difference  is  that  the  TIRF 
schedule  employs  a velocity  of  30  and  6 mph  while  all  of  the  GM  tests  are 
conducted  at  2 mph. 

Tire  break-in  procedures  specified  by  GM  are  as  follows:  "The 

tread  of  the  tire  is  preconditioned  before  testing  by  operating  the  tire  at 
80%  of  the  T5RA  load  for  one  minute  at  each  slip  angle  of  +1,  +2  and  +4 
degrees.  The  tire  is  then  subjected  to  IS-second  vertical  load  sweeps  from 
0 to  1.6  times  its  T8R.A  load  rating  for  slip  angles  of  0,  ^1,  j^2  and  +4 
degrees. 


Break-in  procedures  used  on  TIRF  are  equivalent  since  the  times 
allotted  to  each  test  condition  are  scaled  inversely  to  the  velocity.  A 
test  velocity  of  30  mph  is  used  in  the  first  part  of  the  break-in  procedure 
with  each  slip  angle  maintained  for  a period  of  4 seconds.  The  roadway 
velocity  is  then  reduced  to  6 mph  and  5-second,  linear  load  ramps  are  applied. 
The  distance  that  the  tire  rolls  in  each  test  condition  and  the  amount  of 
work  done  on  the  tire  are  thus  the  same  for  each  facility. 
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APPENDIX  C 


TEST  FACILITY  - A DESCRIPTION 

A photograph  of  the  TIRF  facility  is  shown  as  the  frontispiece  to 
this  report;  a dimensional  view  of  the  facility  is  shown  in  Figure  C-1.  The 
primary  features  of  the  machine  are  (Reference  2) : 

A.  Tire  Positioning  System 


The  tire,  wheel,  force  sensing  balance,  and  hydraulic  motor  to 
drive  or  brake  the  tire  are  mounted  in  the  movable  upper  head.  The  head  pro- 
vides steer,  camber,  and  vertical  motions  to  the  tire.  These  motions  (as  well 
as  vertical  loading)  are  servo  controlled  and  programmable  for  maximizing 
test  efficiency.  The  ranges  of  the  position  variables,  the  rates  at  which 
they  may  be  adjusted,  and  other  information  are  shown  in  Table  C-1. 


Table  C-1 

TIRF  CAPABILITIES 


CHARACTERISTIC 

RANGE 

TIRE  SLIP  ANGLE  (O.) 

+30°* 

TIRE  INCLINATION  ANGLE  (T) 

+30°** 

TIRE  SLIP  ANGLE  RATE(i) 

10°/sec 

TIRE  INCLINATION  ANGLE  RATE  (?) 

7°/sec 

TIRE  LOAD  RATE  (TYPICAL) 

2000  Ib/sec 

TIRE  VERTICAL  POSITIONING  RATE 

2"/sec 

ROAD  SPEED  (V) 

0-200  mph 

TIRE  OUTSIDE  DIAMETER 

Up  to  46" 

TIRE  TREAD  WIDTH 

24"  MAX. 

BELT  WIDTH 

28" 

* Can  be  increased  to  90°  with  special  setup. 

**  Can  be  increased  to  60°  V\/ith  special  setup. 
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Figure  C-1  TIRE  RESEARCH  MACHINE 


B. 


Roadwav 


The  28-inch  wide  roadway  is  made  up  of  a stainless  steel  belt 
covered  with  material  that  simulates  the  frictional  properties  of  actual  road 
surfaces.  The  belt  is  maintained  flat  to  within  1 to  2 mils  under  the  tire 
patch  by  the  restraint  provided  by  an  air  bearing  pad  which  is  beneath  the 
belt  in  the  tire  patch  region.  The  roadway  is  driven  by  one  of  the  two  67- 
inch  diameter  drums  over  which  it  runs.  The  road  speed  is  servo  controlled; 
it  may  be  programmed  to  be  constant  or  varied. 

The  test  surfaces  used  on  TIRF  are  made  from  a commercially 
available  proprietary  material  called  Safety  Walk.*  The  surface  consists  of 
a backing  sheet  treated  with  contact  cement  used  to  adhere  it  to  the  stainless 
steel  belt.  On  the  working  side,  a silicon  carbide  type  of  grit  material  is 
set  in  an  epoxy  type  cement.  This  material  is  specified  by  its  reflectance 
which  we  have  found  to  be  related  to  its  microtexture  and  wet  skid  number. 
Standard  practice  is  to  use  a surface  with  an  initial  wet  skid  number  greater 
than  the  desired  test  value.  The  surface  is  then  stoned  with  a grinding  stone. 
The  stoning  serves  to  break  off  those  sharp  asperities  which  extend  appreciably 
above  the  others.  Stoned  surfaces  do  not  abrade  the  tire  surfaces  excessively, 
and  they  are  stable  under  normal  usage.  Scanning  Electron  Microscope  (SE'I) 
photos  have  been  taken  of  some  of  the  surfaces  used.  Figure  C-2  shows  SE^l 
photos  of  one  of  the  materials  used  in  both  the  "as  received”  and  "after 
stoning”  condition. 

Schonfeld  of  the  Ontario  Ministry  of  Transportation  and  Commun- 
ications has  developed  a method  of  photo-interpretation  of  pavement  skid 
resistance  (Reference  3).  Samples  of  our  material  have  been  analysed  by 
Schonfeld  who  calculated  skid  numbers  in  general  agreement  with  values  which 
had  been  measured.  The  texture  parameters  used  by  Schonfeld  are  height,  width, 
angularity,  distribution  and  harshness  of  projections  and  the  harshness  of  the 
surface  between  projections.  He  classified  the  surface  in  terms  of  the  apparent 
height  and  angularity  of  the  microprojections:  polished,  smooth,  fine-grained, 

coarse-grained  subangular,  and  coarse-grained  angular.  A fine-grained  surface 

* Manufactured  by  the  3M  Company 
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a. 


AS  RECEIVED 


Figure  C-2  SCANNING  ELECTRON  MICROSCOPE  PHOTOS  (15X)  OF  SAFETY  WALK  SURFACE 
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has  microprojections  approximately  1/4  mm  high  while  coarse-grained  surfaces 
(angular  or  subangularj  have  projections  approximately  1/2  mm  high  or  higher. 
The  Safety  Walk  surfaces  fall  between  fine-grained  and  coarse-grained  with 
about  two-thirds  of  the  projections  being  more  than  1/4  mm  high. 

A unique  feature  of  TIRF  is  the  ability  to  carry  out  tests 
under  wet  road  conditions.  A two-dimensional  water  nozzle  spans  the  roadway. 
This  nozzle  has  an  adjustable  throat  which  can  be  set  to  the  desired  water 
depth.  The  flow  through  the  nozzle  is  then  varied  by  controlling  the  water 
pressure.  At  each  test  condition  the  water  film  is  laid  on  tangential  to  the 
belt  at  belt  velocity.  The  film  thickness  may  be  varied  from  as  low  as  0.005 
inches  up  to  O.S  inches, 

C.  Tire-tVheel  Drive  and  Balance  System 


A drive  system  which  is  independent  of  the  roadway  drive  is 
attached  to  the  tire-wheel  shaft.  This  separate  drive  allows  full  variation 
of  tire  slip  both  in  the  braking  and  driving  modes.  The  tire  slip  ratio, 
referenced  to  road  speed,  is  under  servo  control. 

A six-component  strain  gage  balance  surrounds  the  wheel 
drive  shaft.  Three  orthogonal  forces  and  three  corresponding  moments  are 
measured  through  this  system.  A fourth  moment,  torque,  is  sensed  by  a torque 
link  in  the  wheel  drive  shaft.  The  load  ranges  of  the  basic  passenger  car 
and  truck  tire  balances  are  shown  in  Table  C-2.  Transfer  of  forces  and 
moments  from  the  balance  axis-system  to  the  conventional  SAE  location  at 
the  tire-roadway  interface  is  in  the  data  reduction  computer  program,* 


* More  detailed  information  on  the  balance  systems  and  their  calibration 
may  be  found  in  Reference  2. 
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Table  C-2 

BALANCE  SYSTEM  CAPABILITY 


COMPONENT 

PASSENGER  CAR 
TIRE  BALANCE 

TRUCK  TIRE  BALANCE 

TIRE  LOAD  (L) 

40001b 

12,000  lb 

TIRE  TRACTIVE  FORCE 

MOOO  lb 

t 9000  lb 

TIRE  SIDE  FORCE 

44000  lb 

+ 8000  lb 

TIRE  SELF  ALIGNING  TORQUE 

4^0  lb  ft 

+ 1000  lb  ft 

TIRE  OVERTURNING  MOMENT 

+1000  lb  ft 

+ 2000  lb  ft 

TIRE  ROLLING  RESISTANCE  MOMENT 

+200  lb  ft 

i 400  lb  ft 

D,  System  Operation 

1,  Data  Acquisition  Program  (DAP)  Control 

The  data  acquisition  program  (DAP)  is  a software  system 
which  controls  machine  operation  and  logs  data  during  tests.  DAP  controls 
test  operations  by  means  of  discrete  setpoints  which  are  generated  in  the 
computer  by  the  program.  These  setpoints  are  sent  to  the  machine  servos  which 
respond  and  establish  tire  test  conditions.  After  the  setpoints  are  sent  to 
the  servos,  a delay  time  is  provided  which  starts  after  the  machine  variables 
have  reached  a steady  state  value  within  predetermined  tolerances.  This 
allows  the  system  to  stabilize  before  data  are  taken.  After  data  are  taken, 
the  next  set  of  test  conditions  is  established  and  testing  continues. 

One  or  two  variables  can  be  changed  during  DAP  testing. 
The  other  test  parameters  are  kept  fixed  throughout  the  test.  Up  to  twenty 
data  points  can  be  used  for  each  variable  in  a run, 

A data  reduction  program  is  used  to  operate  on  the  raw 
data  collected  during  testing.  These  new  data  are  reduced  to  forces  and  moments 
in  the  proper  axis  system  and  all  variables  are  scaled  to  produce  quantities 
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with  engineering  units.  Raw  and  reduced  data  are  temporarily  stored  in  a disc 
file.  Both  reduced  and  raw  data  can  be  transferred  to  magnetic  tape  and 
maintained  as  a permanent  record. 

Reduced  data  points  can  be  listed,  plotted  and  curves  can 
be  fitted  to  the  points.  All  of  the  standard  Cal  span  plots  can  be  generated 
from  DAP  test  data. 


Data  lists  and  plots  are  displayed  on  the  oscilloscope 
screen  of  a CRT  console.  Hard  copies  of  this  information  can  be  made  off  this 
display. 


2.  Continuous  Sampling  Program  (CSP)  Control 

The  continuous  sampling  program  (CSP)  is  a software 
system  which  controls  machine  operation  and  continuously  logs  data  during 
tests.  Test  variables  can  be  constant  or  changed  at  rapid  rates.  One  or  all 
variables  can  be  changed  during  a test.  Data  can  be  sampled  at  rates  up  to 
100  samples  per  second.  Pauses  are  used  so  that  data  can  be  logged  during 
desired  intervals  of  the  test. 

CSP  testing  can  be  conducted  quickly  which  in  turn  re- 
duces tire  wear  during  severe  tests.  The  high  rate  of  data  sampling  also 
permits  limited  dynamic  measurements  to  be  made  during  testing. 

Two  parameter  plots  of  data  can  be  made.  Carpet  and 
family  plots  of  test  data  cannot  be  made  with  this  program  at  the  present  time. 
CSP  data  will  also  reflect  time  effects  if  tire  characteristics  are  a function 
of  the  rate  of  change  of  testing  variables. 

Data  reduction  is  accomplished  in  a manner  similar  to 
that  employed  in  DAP  testing. 
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